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COMMENTS ON THE ORIGIN OF LAND VASCULAR PLANTS* 


Part 1. CROCALOPHYTON, A NEw TRANSITIONAL SEA-LAND PLANT 


HENRY N. ANDREWS anp KAREN S. ALT** 


Introduction:— 


The Devonian-Mississippian black shales of the east-central states have yielded 
in recent years a fossil flora that is remarkable in the unique and diversified nature 
of the plants. Within this broader area the New Albany shale of Kentucky and 
Indiana has produced an exceptional wealth of plant fossils. It is noteworthy that 
so great a variety of plant groups has been described since the collections from 
this area and horizon are not abundant. Few, if any, of the plants composing the 
flora are known with a completeness that is in any way satisfactory, yet in spite of 
the fragmentary nature of the specimens, they reveal plants that are novel in their 
morphology and anatomy and disclose major taxonomic groups hitherto unknown. 
The additional fact that several competent paleobotanists have not found it pos- 
sible to agree on the affinities of certain constituents of the flora is indicative of 
its exotic nature. 

It is the purpose of the present paper to record a distinctive and particularly 
problematical new member of the flora from a locality in Kentucky. In view of 
its perplexing taxonomic status a discussion follows (Part 2) dealing generally 
with some of the problems of the evolution of land plants which seem to be 
inextricably related to the particular problem of our fossil’s affinity. 

The geology of the New Albany shale has been dealt with in the comprehensive 
study by Campbell (1946) and the fossil plants of the area with which we are 
concerned have been described by Read and Campbell and by Hoskins and Cross. 
It seems unnecessary to review these previous paleobotanical studies although we 
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have included in the “Literature Cited” section a fairly complete list of the con- 
tributions on the subject. 

The reader will perhaps agree, if from only a casual glance at the illustrations, 
that a few additional words of introduction may be justified. Our study of this 
fossil has proven to be a fascinating if somewhat precarious venture; fascinating 
in that it is anatomically the most unique fossil that has ever come into this 
laboratory, and precarious in that its affinities remain, at the conclusion of our 
studies, quite uncertain. Suggestions are offered on later pages concerning its 
possible position in the plant kingdom, but, quite admittedly, these are speculative 
although we hope that these speculations may prove to be of some significance, 

It was evident from an initial inspection of the fossils that the cellular organi- 
zation was highly unique, so much so in fact that consideration was given to the 
possibility that it was of animal origin. However, detailed studies of the cellular 
structure have left no doubt as to its plant nature, and other botanists who have 
been kind enough to examine our preparations have agreed on this point. 
Description: — 

The following description is based on two specimens that were collected several 
years ago by Mr. Charles B. Read (U. S. Geological Survey) from the New Albany 
shale at a locality near Boston, Kentucky. We are indebted to Dr. S. H. Mamay, 
who is in charge of the Geological Survey’s Paleozoic plant collections, for kindly 
placing the two specimens in our hands for study. The specimens and all figured 
slides are now preserved in the collections of the U. S. National Museum. 

Since the two specimens are very nearly identical in size and form and 
the surfaces revealed, under low magnification, apparently identical anatomical 


Text-fig. 1. Longitudinal profile through Text-fig. 2. Longitudinal section through 
specimen U.S.N.M. No. 40797, showing the major axis showing the stratified or- 
surfaces from which thin sections were ganization of the fossil. Strands are shown 


prepared. in black. 
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structure, only one (No. 40797) was used in the preparation of thin sections. 
Later it proved to be necessary to make a longitudinal cut through the second 
specimen (No. 40798) and a study of this left no doubt as to the validity of the 
original supposition that both represent the same species. 


The specimens are conical (pl. 4, fig. 1) being about 12 cm. tall, and the 
diameters of the more or less oval base measure approximately 5.5 by 11.5 cm. 
Externally the specimens are of a light grayish color, irregularly but not deeply 
pitted. The irregularly broken aspect of their basal structure suggests that we are 
dealing with the terminal portion of a trunk or branch of some sort. It may be 
noted, however, that the horizontal orientation of the supposedly conducting tissue 
offers some reason to believe that the specimens represent complete or nearly com- 
plete plants; this possibility will be discussed on a later page. 

Text-fig. 1 presents in profile the plan that was followed in studying specimen 
No. 40797. Numerous transverse and longitudinal sections were prepared from 
the A, B, C and D blocks, sufficient to insure a representative coverage of the 
internal structure. 

Although the preservation of the specimens is excellent the original plant 
material has been highly replaced by phosphate of the calcium-magnesium group. 
This lack of a sufficient mineral-organic differential, combined with the fact 
that the specimens are rather soft and porous, prevented the use of the peel tech- 
nique. No difficulty was encountered, however, in preparing ground thin sections. 
The blocks to be sectioned were allowed to stand in melted resin for a few minutes 


before affixing to the slide. The only particular caution found to be necessary 
was very careful grinding in the last stages due to the softness of the petrifaction. 


The general organization of the fossil, which has been given the new generic 
name Crocalophyton is shown diagrammatically in text-figs. 2 and 3. The speci- 
mens are composed of but two tissues, one consisting of ray-like strands made up 
of transversely elongated cells, the strands being enclosed in a thick-walled, nearly 
isodiametric parenchyma. Whether the term parenchyma is appropriate may be 
questioned; it is at least as fitting as any that we are aware of. The strands are 
shown in black in both figures. Text-fig. 3 is taken from the lower surface of 
the B1 block. The figure was prepared from four transverse sections taken from 
B1A, B1B, B1C and B1D as shown in text-fig. 1. After each section was photo- 
graphed, the strands were inked; the four photos were then pasted together and a 
tracing prepared of the entire cross-section. Text-fig. 2 is a diagram of the ar- 
rangment of the same tissue system in a median longitudinal surface; this was 
prepared from a free-hand sketch of the surface as it appeared under a binocular 
microscope. It may be noted that these figures are intended to show the approx- 
imate organization of the larger strands and that the photos should be relied upon 
for a precise portrayal of their structure and pattern of organization. - 
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Text-fig. 3. General organization of the strands in transverse section prepared from the 
basal surface of the B 1 block. 


The Strands: — 


The term strand is applied to the highly unique ray-like tissue system 
of the fossil. The cells composing the strands are transversely elongate 
and pitted; they are presumed to have functioned as a radially con- 
ducting system and are tentatively thought to be a primitive tracheidal 
or sub-tracheidal cell type. 


In their organization the strands, as shown in text-fig. 3, tend to radiate from 
the central part of the specimen toward the periphery; this is, however, only a 
very general tendency. It will help to clarify the nature of this curious tissue if 
we glance next at fig. 3, which is a photograph of a representative portion of the 
cross-section. It shows an area of approximately 1.0 % 1.5 cm. considerably 
enlarged. A comparison of this with text-fig. 3 reveals the fact that the latter 
does not include the numerous smaller strands that occur in many parts of the 
specimen. 

There are few strand terminations in the central part of the fossil although 
occasionally the smaller ones end blindly. They form for the most part a continuous 
and highly complex anastomosing system; a few continue to the extreme periphery 
of the fossil and some end abruptly within a few millimeters of the periphery. 

The strands vary from one to nine cells wide and are vertically elongate sheet 
or ray-like structures. One must, as in the case of wood rays, observe tangential 
and radial sections in order to acquire an understanding of their 3-dimensional 
structure. While they present a superficial similarity to the wood rays of a conifer 
or dicotyledon it is evident from text-fig. 3 and fig. 3 that they are by no means 
comparably oriented. 

Referring to fig. 3 (pl. 4) it will be noted that two lines have been drawn in 
the lower right portion of the photo. When a longitudinal section is prepared in 
the “A-A” plane (referred to as tangential) the rays appear as shown in fig. 4 (an 
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appreciably higher magnification than fig. 3); and longitudinal sections prepared 
in the “B-B” plane (referred to as radial) reveal the rays as shown in fig. 5. 

The strands are about 1 cm. high and, as shown in the longitudinal profile 
(text-fig. 2), they are distinctly stratified. Thus a transverse section taken 
between the strand areas will reveal no strands. Most of them terminate blindly 
although a few continue to the periphery of the specimen (text-fig. 3). The tor- 
tuous pattern of the strands is emphasized in fig. 2 (and parts of fig. 3) where 
they present a circular pattern in transverse view. 

There is no externally delimiting tissue. The only evidence which suggests 
that the original surface of the fossil is intact is the close similarity of the two 
specimens. It is of course possible that some outer tissue or tissues was lost prior 
to fossilization. 


Detailed Structure of the Strands:— 

Any transverse section (figs. 3, 6, 7) clearly reveals the variation in the width 
of the strands which may take place within a few millimeters due to the anasto- 
mosing pattern of this tissue and to the frequent intercalation of parenchyma cells. 


Text-fig. 4. Representative portions from 
several strands showing shape of strand cells. 


One of the most striking characteristics of the strands is the organization of the 
cells in very nearly perfect vertical rows; this is clearly shown in tangential 
sections (fig. 4). The cells are transversely elongate, their length appearing to be 
extremely variable. In tangential view the strand cells are approximately square, 
being 38 » in diameter, while their length, as observed in cross-section (figs. 6, 7), 
varies between 105 and 230 p. Some cells, however, have been followed for a 
considerably greater distance without any evidence ef terminations, but where 
they have been observed they are for the most part transverse, Representative 
portions of strands are shown in text-fig. 4 where figures A, B and E were drawn 
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from strands in transverse section and figures C and D from radial sections. While 
some of the cells possess a tapering end, transverse or only slightly oblique end 
walls are more usual. 

The pitting in the strand cells is particularly interesting. In our initial suite 
of slides many of the cells displayed obscure striations that were suggestive of 
some sort of wall sculpturing but it was not until several radial sections were 
examined with considerable care that clearly defined pits were found. Knowing 
then what to look for they were found in several slides and we are reasonably 
confident that the pitting is uniform on both the transverse and radial walls of 
most or all of the strand cells. In fig. 5a and 5b are shown portions of two par- 
ticularly well-preserved strand cells in radial view, and the structures which are 
interpreted as pits appear in two rows wherever they have been observed with 
clarity. Text-fig. 5 shows pitting in cells from two selected areas. No indication 
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Text-fig. 5. Pitting in the “radial” 
walls of the strand cells. 


of a border has been noted and the slightly angular outline renders them somewhat 
distinct from the bordered pits of most vascular plants. 
The Parenchyma:— 

The only cell type other than the strand cells is the tissue enclosing the strand 
cells which has been referred to as parenchyma. This consists of cells which are 
variable only within rather narrow limits and are for the most part isodiametric; 
rarely are these cells more than twice as long as broad. A representative portion 
of the parenchyma is shown in fig. 10. The transverse diameter of the parenchyma . 
cells (fig. 10), based on measurements of 140 cells, was found to vary between 
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45 and 122 p, with an average of 80 »; in longitudinal view (fig. 9) their length, 
based on measurements of 70 cells, varies from 52 to 165 p, with an average of 
100 

The above figures are based on what is termed, as a matter of convenience, 
“ordinary” parenchyma, referring to the relatively large areas where the paren- 
chyma is not associated intimately with the strands (fig. 3) or with the purely 
parenchymatous “‘inter-strand” portions of the specimen (text-fig. 2). The paren- 
chyma between closely associated strands consists of cells that are slightly elongated 
vertically and arranged in regular rows, assuming an organization comparable with 
that of the strand cells. Fig. 11 shows a representative portion of such paren- 
chyma between two strands appearing at the extreme left and right edges of the 
photo, Parenchyma cells in such areas also may show a tendency to be elongated 
transversely; this is evident between some of the strands illustrated in fig. 3. 

Aside from these structural variations, which certainly are not extreme when 
compared with the generally bizarre characteristics of the fossil, there is no evidence 
to suggest any appreciable differences in the functional nature of the tissue. 

The walls of the parenchyma cells are rather thick, being approximately 6-7 p. 
This character may appear exaggerated due to the difficulty of distinguishing, in 
the photos, between the actual cell wall and the mineral layer in the periphery 
of the lumen. 

Although we have stated that the parenchyma and strands constitute the only 
two cell types, one other structure may possibly be distinct. It may be noted that 
all of the photos which include any appreciable quantity of the fossil (figs. 3, 4, 
8) display open areas or apparent breaks. In a very few instances we have observed 
structures which suggest that some sort of secretory areas may be present. It is 
apparent, for example in fig. 12, that the central cells are in an advanced stage of 
disintegration but whether this cavity is a secretory structure or simply decay 
cannot be determined for sure. In only two or three cases we have observed that 
the parenchyma cells are radially aligned (fig. 13) in such areas. These are so 
few that it is problematical as to whether aiy significance can be attached to them. 


The Ontogeny of Crocalophyton:— 

The arrangement of the strand cells and closely associated parenchyma in very 
nearly perfect vertical rows (figs. 4, 11) seems to imply meristematic activity of 
some sort. Judging from the characteristic alignment of these cells they were 
formed by an apical meristem which laid down, successively, the strand and inter- 
strand layers or, at an early stage in the plant’s development, several meristematic 
areas were differentiated. Whether the strands may be termed “xylary” is certainly 
debatable. The cells are perhaps best termed “pre-tracheidal”; they are elongate 
and pitted and probably served as conducting elements but the organization and 
orientation of the strands can only be said to be unique. 

If the argument presented in Part 2 is in any way valid the organization of the 
fossil is not as surprising as may at first appear. Meristematic activities are perhaps 
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more varied in plants than is generally realized, and it is more than likely that the 
algae, from which we suppose land vascular plants arose, experimented rather widely 
in this way and in some cases succeeded. 

Without necessarily implying a brown algal ancestry for any of the dominant 
pteridophytic groups of the Devonian it is difficult to study living representatives, 
such as Pterygophora with its stipe of radially aligned cells, “annual rings,” and 
its trumpet cells (Smith, 1939), without visualizing tendencies that were used to 
advantage in the creation of a land flora. 

With reference to the habit of land vascular plants it is evident that xylary 
systems evolved along many different lines. Of particular interest here is Schizo- 
podium davidi (Harris, 1929) from the Devonian of Australia. It is described as 
having an outer wood zone “intermediate between primary and secondary wood”, 
the tracheids being cubical, vertically elongate, radially elongate or tangentially 
elongate, and apparently not formed by a clearly defined cambial meristem. This 
“outer xylem” may be considered a fumbling attempt (probably one of many) of 
the plant to produce secondary wood. Crocalophyton may be looked upon as a 
plant in which a unique, and apparently unsuccessful, mode of meristematic actiy- 
ity made its appearance. It is perhaps most aptly summarized in the words of one 
botanist who examined our illustrations, as a “kind of foolish experiment” that was 
involved in the evolution of land plants. 


Crocalophyton readi! gen. et sp. nov. 


Diagnosis of the Genus and Type Species: Conical-shaped structure, about 12 
cm. tall with a roughly oval base measuring approximately 5.5 X 11.5 cm,; 
stratified in a plane perpendicular to the long axis and consisting of strand- 
parenchyma bands alternating with parenchyma bands; strands about 1 cm. high, 
generally radiating from the center but forming a highly irregular system fre- 
quently branching and anastomosing and contorted to the extent of forming a 
loop, or series of loops, 1-9 cells wide (transverse), with the cells arranged in 
vertical rows; strand cells horizontally elongated with mostly transverse end walls 
and two rows of apparently simple pits in the longitudinal walls. 

Type specimen: United States National Museum, No. 40797. 

Locality: near Boston, Kentucky. 

Horizon: New Albany shale; Upper Devonian or lowermost Mississippian. 

Affinities: On the basis of our own observations and the opinions of specialists 

familiar with the various cryptogamic groups, Crocalophyton shows no evident 

relationship to any known thallophyte, bryophyte or pteridophyte. Since its affin- 
1On the assumption that this was a plant that lived in a habitat transitional between strictly 

aquatic or dry land, the first syllable of the generic name is taken from the Greek krokale, meaning 


beach or seashore; the specific name is in recognition of Charles B. Read’s studies of the New Albany 
shale plants. 
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ities are so very vague we have felt that nothing is to be gained at the moment by 
setting up any new taxon such as a family or order. A more detailed consideration 
of the possible relationships of the fossil is included in Part 2. 


Part 2. SOME COMMENTS ON THE ORIGIN OF LAND VASCULAR PLANTS 
AND THE TAXONOMIC PosITION OF CROCALOPHYTON 


HENRY N. ANDREWS 


In his introduction to a consideration of the problems of Jurassic paleobotany 
Harris (1947) made the following comment: 

Most of the “problems” of paleobotany are those questions which we feel we would like to 

be able to answer but cannot because our knowledge is incomplete. Such problems are often 

ephemeral. In time some are answered; some are left aside by progress because they cease to 

be interesting, or are later realized to be meaningless; 

I would supplement this with a paleobotanical proverb that has been attributed to 
D. H. Scott, although most paleobotanists must have felt at one time or another, 
that: “fossil plants frequently create more problems than they solve”. This is not 
intended as a facetious comment; it points to the great complexity and diversity 
of organization that existed in many groups and we are forcefully reminded on 
occasion of the necessity of altering our concepts of the lines of racial origin and 
development within a group. 

The problem of the origin of vascular plants has been with us for a long time; 
it is not one of the ephemeral ones and if it is solved, at least in part, it will have 
proved to have been a multi-faceted problem involving development along several 
(or many) morphological lines. Many of us have become accustomed to look 
upon Rhbynia as the primitive land plant; there is now concrete evidence to suggest 
that it is @ primitive vascular plant representing a particular line of pteridophytic 
evolution. In the following pages I should like to discuss what seems to me to be 
the nature of the problem; this is essentially a review although it may possibly 
assist in clarifying the issues that are involved. The discussion is also aimed specifi- 
cally at the question as to just why Crocalophyton does not conform to any tax- 
onomic category in the plant kingdom. 

The structure of Crocalophyton is quite unlike that of any known alga. The 
possibility that it might be a member of the Phaeophyta was considered, but the 
organization of the strands could be correlated in no way with the anatomy of any 
brown alga. Several competent algologists have examined the illustrations and 
have readily agreed that the plant has no place in the algae. As to the vascular 
cryptogams there is equally little to choose from. Crocalophyton is unique in 
the ray-like organization of the strands with their radially elongated, pitted cells 
arranged in vertical rows. The pits show no evidence of a border, and the shape 
of the cells is not closely comparable with that of a tracheid. 

Thus, lacking any clues that might suggest affinities with a known group of 
plants it can be considered only on its own merits. 
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On the supposition that the strands constitute a conducting tissue of sorts a | 
guess may be made as to the plant’s mode of life. The stratification of the strands, 194 
being separated by rather broad bands of distinctly non-conducting tissue (the hav 
parenchyma), combined with the radial elongation of the strand cells, would seem mil 
to imply that whatever transport capacity the strands served was primarily trans- eler 
verse rather than longitudinal. It is also unlikely that such a plant could have and 
attained any great height if it existed in a strict land habitat. If we next assume pla 
that it lived submerged at a depth of as much as several fathoms, as do some of the 
Phaeophyta, the trunk might have attained a considerable length but in such a the 
habitat it is difficult to understand why so profusely developed a conducting system qui 
was needed. Since plants do seemingly strange things that do not always conform des 
with our understanding of their “needs”, this possibility need not be entirely we 
ruled out. 

If we postulate next an intermediate habitat, approximately in the tidal zone,? fre 
a possible case for the strands may be made. A relatively short but stout trunk rel 
attached to the rocks between low and high tide marks, and perhaps even somewhat fo 
beyond the latter, lacking a root system or any other specialized organ of water q 
intake, would necessarily have to depend upon the absorption of water by the 
surface of the trunk. Assuming a fairly strong absorption capacity for the exterior m 
surface the strand system could have readily conducted the water throughout the 9 
trunk. as 

The assumption that Crocalophyton is a primitive semi-land plant, yet can be h 
assigned to no living or fossil group, would seem to call for further explanation. fe 
Two general problems may have some real bearing on the subject. The first is the 
gap that exists between the earliest land vascular plants and the algae from which P 
they are presumed to have evolved. The second, and I believe correlative, problem e 
is the evolutionary pattern that exists in any major group of plants, Briefly, a 
the concept that I wish to explore is that any large group (lycopods, articulates, ¢ 


“ferns”, psilophytes, etc.) is highly polyphyletic and the transitional members 
between it and the group(s) above it, if it so evolved, may be expected to be 
correspondingly varied. 

As a starting point, a few comments might be made on the origin of the algae 
as well as their pre-Paleozoic and early Paleozoic record. The earliest record of 
structurally preserved thallophytes is that reported by Tyler and Barghoorn (1954) 
wherein they describe fossils that are tentatively assigned to the blue green algae 
and “simple fungi” from rocks in southern Ontario that are dated as being in the 
vicinity of 1300 million years and possibly much older. These authors note that, 
“Since the pre-Cambrian flora with which we are dealing comes from near the base 
of the Gunflint formation, it seems likely that age may approach 2 billion years.” 


2 It has been called to my attention that the present discussion implies an origin of land vascular 
plants from marine algae. 1 wish to acknowledge this criticism and indicate that the evolution of 
vascular plants from plants of fresh water habitats or waters of varying salinity is not intentionally 
precluded. 
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Another recent contribution suggests an even greater age for the algae. In 
1941 Macgregor described supposed algal remains from Rhodesia in rocks which 
have been dated as “‘at least 2,600 million years” and possibly in excess of 2,700 
million years. Since they are not structurally preserved I feel that a considerable 
element of doubt surrounds these Rhodesian algae; so far as I am aware, the Tyler 
and Barghoorn report gives us the oldest authentic date of a structurally preserved 
plant on the earth. 

Before returning to the algae, for the purpose of my argument, a few words on 
the earliest records of vascular plants will be interpolated here. The earliest un- 
questioned record of such a flora is the mid-Silurian one (Baragwanathia, etc.) 
described by Cookson and Lang from Australia, It is evident that these plants 
were separated by a broad gulf of evolution from any algal ancestors. 

Recently Krishtofovich (1953) has reported a supposed lycopodiaceous plant 
from the Middle Cambrian of the Aldan Mountain range in Siberia. The plant 
remains were associated with trilobites (believed to correspond to the Paradoxides 
forchhammeri zone of Western Europe) and according to the author, “Conse- 
quently the geological age of the find constitutes no doubt whatever.’”* 

Krishtofovich’s Aldanophyton antiquissimum is represented by shoots up to 13 
mm. wide and 8.5 cm. long which are covered with microphyllous leaves up to 
9mm. in length. “In places a thin rod-conducting bundle may be traced as far 
as the base of the enations (leaves)”. Comparison is drawn with other early 
lycopods such as Drepanophycus and Baragwanathia although sporangia were not 
found in Aldanaphyton. 

There have been several accounts of spores from the Cambrian which are pur- 
ported to be those of land vascular plants. Several Indian investigators (Jacob 
et al., 1952, 53a, ’53b) have described spores and wood fragments from the Middle 
and Upper Cambrian of Kashmir, Spiti, and other Indian localities. As many as 43 
different spore types are recorded: including those referable to Equisetalean plants, 
“other primitive pteridophytes” and the Pteridospermae. These authors are insistent 
that their preparations are free of contamination and, although I am prepared to 
accept the existence of vascular plants in pre-Silurian times, the occurrence of the 
Pteridospermae in the Cambrian is a matter that will require more substantial proof. 
Naumova (1949) reports a considerable assemblage of spores from the lower 
Cambrian blue clay of the Estonia-Latvia-Lithuania area (details of locality are not 
given) which are presumed to represent bryophytes and pteridophytes. 

Since the approximate date at which vascular plants first appeared has some 
bearing on this discussion the high degree of complexity that already existed in the 
lowermost Mississippian and Devonian seems significant. 


i 5 Although I have had access to the original publication it is in Russian with no summary in any 
other language; I am indebted to Dr. Harlan P. Banks, who kindly supplied me with an English 
translation. 
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Largely as a result of Florin’s important contributions, we are particularly well 
informed on the evolution of the cordaite-conifer line and certain associated groups, 
With reference to the origin of this assemblage Florin (1949) notes: 

The Ginkgoinae, Cordaitinae, Coniferac and Taxinae undoubtedly belong to the same 
natural plant group of higher order, . . . but they constitute parallel evolutionary lines which 
probably were already separated from each other in Upper Devonian or Lower Carboniferous 
times. At all events, a clear differentiation can be seen as far back as the available fossil 
records go. [pp. 101-102]. 

Judging from its stem anatomy the well-known and widely distributed Devonian 
Callixylon is in all probability a coniferophyte and possibly a rather highly special- 
ized member of the group; the fact that it was a large forest tree would suggest 
that the coniferophytes may date back to an earlier period than the Devonian. 

It is also pertinent to note the early appearance of heterosporous ferns, specifi- 
cally Archaeopteris latifolia (Arnold, 1939) from the Upper Devonian (possibly 
upper Chadakoin) of Pennsylvania, and Stauropteris burntislandica (Surange, 
1952) from the Lower Carboniferous (Calciferous Sandstone series) of Pettycur, 
Scotland. Just how these plants fit into the general stream of “fern” evolution is 
problematical but there can be little doubt that they represent the culmination of 
a long period of evolution of land vascular plants. 

It is perhaps not surprising to find that the angiosperms are not to be excluded 
from this general retrenchment in time of so many major groups. Under the new 
binomial Sanmiguelia lewisi, Brown (1956) has reported leaves from the Dolores 
formation (Middle to Late Triassic) of Colorado. They are alternate, large, 
pleated, monocotyledonous, and closely resemble those of a palm. If this apparent 
relationship is correct Sanmiguelia is the earliest angiosperm on record and suggests 
a Paleozoic origin for the group. 


In view of the evidence, direct and indirect, cited above I do not find it difficult 
to accept land vascular plants in the Cambrian as a possibility or even a probability. 

Next to be considered is the status of the algae during the approximate time 
when plants were becoming established on the land. A few records based on fairly 
well-preserved plants indicate the presence of several modern groups of algae in the 
Devonian. These include smaller algae referable to the Chroococcaceae, Ulotricha- 
ceae and Desmidiaceae from the Onondaga chert of New York (Bashnagel, 1942); 
Charophyta from the Lower Devonian Downtonian beds (Croft, 1952) of west 
Podolia (borders of Poland and Russia) ; fossils referable to the brown and red algae 
from New York (Fry and Banks, 1955); and the remarkable fungi and algae from 
the Rhynie chert (Kidston and Lang, 1921). There is abundant evidence that such 
diversity, comparable with that of today, existed long before the Devonian—Fenton 
(1946); Fenton and Fenton (1939); Johnson (in Smith, 1951); Pia (in Hirmer, 
1927); Walcott (1919), and numerous other references cited by them. 

The vast period of time that the algae existed prior to the advent of land 
plants, even assuming their existence in the Cambrian, is somewhat startling. Ina 
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chart‘ recently prepared by the U. S. Geological Survey the beginning of Cambrian 
time dates back 520 million years and the mid-Silurian about 340 million years. 

Accepting the mid-Silurian “Baragwanathia flora” as the oldest authentic record 
of vascular plants and subtracting this (340 million years) from the figures of 
Holmes or Tyler and Barghoorn cited above we find the algae existed from 960 to 
1360 million years before the advent of land vascular plants. If we accept Krishto- 
fovich’s report of a Siberian lycopod from the Cambrian the figures are decreased by 
another 100 to 200 million years, but we are still faced with the apparent possi- 
bility that the algae existed for one billion years before migration to the land was 
accomplished. 


Unless land vascular plants did evolve much earlier than mid-Silurian times, 
and by “much earlier” I imply at least several hundred million years, the obvious 
and baffling question is why was the transition from an aquatic to a land habitat 
so long delayed? This query is not a new one, and I allude to it only to present 
two theories that may constitute a fresh approach whether or not they 
contribute to the solution: One, that there existed prior to Silurian (or Cam- 
brian?) times environmental conditions that rendered the transition difficult or 
impossible. Two, that there was a great diversity of plant form involved in the 
transition and that plants of the Rhynia type represent a successful arrival in but 
one of many different lines that made the try. 

As to the environmental factor, I have been intrigued with a suggestion by 
Rachel Carson in “The Sea Around Us’.® Assuming a closer proximity of the Moon 
to the Earth in pre-Paleozoic times she postulates that the action of the tides may 
have been vastly greater than at present creating a littoral zone, surrounding the 
oceans, of such turbulence as to render the landward migration impossible. There 
are obvious difficulties to accepting this as a significant explanation but it is at 
least thought-provoking. 


The second factor mentioned above, namely, the diversity of plant form that 
may have been involved in the sea-land transition, may have a real bearing on the 
taxonomic position of Crocalophyton. 

Evolution in certain major groups, such as the lycopods or articulates, has been 
a process of extreme polyphylesis once the basic morphology of the group was 
established. The guess may be hazarded for larger groups, such as the conifero- 
phytes or angiosperms, that they were polyphyletic from the start. The early land 
plants (excluding clearly defined representatives of the lycopods or articulates) 
present a highly complex assemblage; some may be justifiably classified as_psilo- 
phytes while others do not fit with any degree of comfort into any major category 
and seem to imply a highly polyphyletic origin from the algae. 

Few writers of text-books now portray the “family tree” of the plant kingdom 

‘Prepared from the Report of the National Research Council, Committee on the Measurement of 


Geologic Time, 1949-50. 
8 See p. 158 of the original Oxford University Press edition. 
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as a great central trunk from which secondary branches progressively arise. Such 
diagrammatic representations of evolution have passed out of favor because the 
trunk of the tree failed to materialize, and I think it is clear that this failure was 
simply due to the fact that the trunk never existed. Although I suspect that this 
thesis could be successfully argued for any major group I will confine myself to 
plants with which I have some special interest and which bear on the problem of 
Crocalophyton. 

It is becoming apparent, even in non-paleobotanical circles, that the term 
“psilophyte” cannot be defined with any degree of precision. From the seemingly 
simple (one might say classical) example of Rhynia a considerable diversity of 
morphology is now known; this has been dealt with briefly but effectively by Miss 
Leclercq (1954). The complexity in stelar anatomy that exists in Devonian and 
lowermost Mississippian plants is perhaps not so well known. I refer particularly 
to the stelar pattern in Rhynia, Asteroxylon and the assemblage of more compli- 
cated forms including Pietzschia, Steloxylon, Siderella, Cladoxylon, Xenocladia, 
and Periastron. 

The problem of relationships among certain of these Devonian and Mississippian 
fossils is a perplexing one, but, since in some stems only anatomy is known while in 
others our information is more or less limited to the gross morphology, any postu- 
lated relationships are obviously tentative. It is, however, instructive to contrast 
the stelar anatomy of plants of the Rhynia type with the more complex polystelic 
fossils such as Steloxylon and Xenocladia. The fragment of the stem of Xeno- 
cladia described by Arnold (1952a) from the Middle Devonian of New York 
measures approximately 1 5 cm. in cross-section (suggesting a stem of about 10 
cm. diameter) and includes more than 40 steles. Several fragmentary specimens of 
Steloxylon have been collected from the New Albany shale, the largest of which are 
about 3 X 6 cm. and are composed of several dozens of steles. The contrast 
between plants of this sort and those possessing slender monostelic stems presents 
a deep and broad chasm to be spanned by any evolutionary bridge. It is possible 
that they may have originated from an earlier, indeed much earlier, common land 
plant ancestor but since there is no evidence to support this it seems at least equally 
reasonable to postulate separate ancestry prior to establishment of the land habit. 

Taking size and form relationships into consideration, if an early land plant 
were originally large we might expect to find either a large stelar unit or several 
centers of stelar organization. 

Prototaxites is an example of an early (possibly land) plant with longitudinally 
aligned conducting cells throughout the trunk. This does not in any way imply 
a brown algal ancestry for the groups that were successful in accommodating 
themselves to the land habitat, but I believe it does present potentialities for a 
conducting system wholly different from the Rhynia type. 

Crocalophyton affords evidence that a plant of large diameter (as compared 
with the Rhynia type) did exist and it apparently possessed an extensive apical 
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meristem of a somewhat indecisive character. Conducting cells that are “almost 
tracheids” were formed but in a very irregular fashion and apparently not con- 
stantly, as is evinced by the vertical stratification of “vascular” and non-vascular 
tissues. Briefly, it may be concluded that Croasdophyton is an early land plant 
wholly different from the classical Rhynia. 

We are accustomed to look upon Rhynia as “typical” or as a central type of the 
psilophytes; at least it seems to occupy this position in most general accounts and 
texts. I believe it occupies this position chiefly because of the excellence and com- 
pleteness of the preservation. What we do know to be a fact is that the early 
vascular plants were, by Devonian times and probably earlier, a highly complex 
assemblage. It would seem to follow that these plants were highly polyphyletic; 
they were radiating out in many directions a few of which became definable as 
lycopods, articulates, coenopterids, etc. There can be no doubt that we have only 
a fragmentary picture of this polyphyletic plan; discoveries of the future may or 
may not clarify the path followed by the more successful groups of the Carbonif- 
erous but they will certainly add to the complexity of the polyphylesis that is 
already evident. 

It seems clear that once a distinctive pattern of organization is established it 
may radiate in many directions, and there may or may not be a conspicuous channel 
which leads to another basic pattern. It is evident that the articulates and ferns 
(and I should think to a somewhat lesser degree the lycopods) diversified rapidly 
in many directions, although it would seem to be more difficult to define what we 
mean by a fern than an articulate because of a greater polyphylesis in the former 
group. 

The degree of morphological diversity that has existed in the algae is enormous, 
and it is very likely that they were highly diversified in pre-Cambrian times. The 
point, therefore, that I have attempted to lead to is that in all probability several 
(or many) groups of algae participated in the attempt to conquer the land. May 
we possibly explain the diversification of morphology and anatomy that exists in 
the early lycopods, articulates, the “‘psilophytes”, as well as the many that “do not 
fit” as representing numerous lines of evolution from the algae rather than just 
three or four? I believe this viewpoint receives support from other “groups” or 
plants that defy classification. I allude here to fossils such as Protosalvinia and 
Prototaxites. 

Arnold (1954) notes: 


The position of Protosalvinia furcata in the plant kingdom is unknown, but it had evolved 
to a level [8] comparable to that of the lower bryophytes. . . . Not being connected with 
vascular plant evolution, the rise of Protosalvinia during Devonian time was a minor episode 
of nature, one of many attempts to preserve and perpetuate life by meeting adversity through 
adaptation and adjustment. This attempt was apparently not more than temporarily successful 
and was inadequate to insure continuity of the particular line. As far as we know Proto- 
salvinia gave rise to no other forms and has no descendants. [p. 299]. 


ST have underlined the word level. There is a subtle distinction between classing a plant as a 
member of the Bryophyta and saying that it has reached that level. 
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With reference to Prototaxites, the relations of this curious plant have recently 
been reviewed by Arnold (1952b) in a contribution which includes a description 
of a beautifully preserved new species. Not only is the taxonomic position of 
Prototaxites very much in doubt but its habitat is as well; suggestions of various 
authors place it anywhere from the deep sea to a land habitat. 

As to Crocalophyton I can only conclude that it represents a curious effort, one 
of a great many, in the struggle to evolve a vascular flora. Very possibly it or its 
immediate descendants reached a dead end; at any rate it has no known contem.- 
poraries with which it may be closely compared. 


Acknowledgement :— 

Because of the exceptional problems involved in the matters of anatomical 
interpretation and the establishment of natural affinities we have called upon 
authorities in several fields for advice. Their suggestions have been most helpful 
and of not a little comfort although the authors assume responsibility for the 
tentative conclusions that have been reached. We are particularly indebted to: 
James M. Schopf, Charles J. Felix, Gilbert M. Smith, G. F. Papenfuss, and Johannes 
Proskauer. Special thanks are due Sergius H. Mamay for kindly placing the 
specimens in our hands for study and for assistance during the course of the 
investigation. 


Literature Cited:— 


Arnold, C. A. (1929). Petrified wood in the New Albany shale. Science 70:581-582. 
, (1939). Observations on fossil plants from the Devonian of eastern North America. IV. 
Contrib. Univ. Michigan, Mus. Paleont. 5:272-314. 
, (1952a). Ibid. VI. Xenocladia medullosina Arnold. Ibid. 9:297-309. 
, (1952b). A specimen of Prototaxites from the Kettle Point black shale of Ontario. Palae- 
ontographica 93B:45—56. 
, (1954). Fossil sporocarps of the genus Protosalvinia Dawson, with special reference to P. 
furcata (Dawson) comb. nov. Svensk Bot. Tidskrt. 48:292—300. 
Bashnagel, R. A. (1942). Some microfossils from the Onondaga chert of central New York. Buffalo 
Soc. Nat. Sci. Bull. 173:1-8. 
Brown, Roland W. (1956). Palmlike plants from the Dolores formation (Triassic) in southwestern 
Colorado. U. S. Geol. Survey, Prof. Paper 274-H:205-209. 
Campbell, Guy (1946). New Albany shale. Geol. Soc. Amer. Bull. 57:829-908. 
Croft. W. H. (1952). A new Trochiliscus (Charophyta) from the Downtonian of Podolia. Bull. 
Brit. Mus. Nat. Hist.. Geol. 1:189—220. 
Cross, A. T., and J. H. Hoskins (1951). The Devonian-Mississipnian transition flora of east-central 
United States. Compte Rendu Trois. Congr. Strat. et Geol. Carbonifére, Heerlen, pp. 113-122. 
Darrah, W. C. (1937). Spores of Cambrian plants. Science 86:154—-155. 
Elkins, M. G., and G. R. Wieland (1914). Cordaitean wood from the Indiana black shale. Amer. 
Jour. Sci. 188:68-78. 
Fenton, C. L. (1946). Algae of the Pre-Cambrian and early Paleczoic. Amer. Midl. Nat. 36:259- 
263. 
, and M. A. Fenton (1939). Pre-Cambrian and Paleozoic algae. Bull. Geol. Soc. Amer. 
50:89-126. 
Florin, R. (1949). The morphology of Trichopitys heteromorpha Saporta, . . . Acta Horti Bergiani 
15:79-109. 
Fry, W. L., and H. P. Banks (1955). Three new genera of algae from the Upper Devonian of New 
York. Jour. Paleont. 29:37—44. 
Ghosh, A. K., and A. Bose (1955). Did vascular plants exist in Cambrian times? Nat. Inst. Sci. 
India (New Delhi), Bull. 7:298-303. 


195 
Ha 
Hol 
Ho 
| Jac 
Kic 
| Kri 
| Lac 
Lec 
Ma 
Na 
; 
| Sm 
q Sm 
| Su 
W 


1956] 
ANDREWS AND ALT—CROCALOPHYTON READI 371 


Harris, T. M. (1929). Schizopodium davidi gen. et sp. nov.—a new type of stem from the Devonian 
rocks of Australia. Trans. Roy. Soc. Lond. 217B:395—410. 
, (1947). The problems of Jurassic palaeobotany. Bol. Soc. Geol. Portugal 6:1-32. 
Hirmer, M. (1927). Handbuch der Palaeobotanik. 708 pp. Munich. 
Holmes, A. (1954). The oldest dated minerals of the Rhodesian shield. Nature 173:612-616. 
Hoskins, J. H., and A. T. Cross (1951). The structure and classification of four plants from the 
New Albany shale. Amer. Midl. Nat. 46:684-716. 


, ———, (1952). The petrification flora of the Devonian-Mississippian black shale. The 
Palaeobotanist 1:215-238. 
Jacob, K., C. Jacob, and R. N. Shrivastava (1953a). Evidence for the existence of vascular land 
plants in the Cambrian. Current Sci. 22:34-36. 
(1953b). Spores and tracheids of vascular plants from the Vind- 
hyan system, India: The advent of vascular plants. Nature 172:166-167. 

Kidston, R., and W. H. Lang (1921). On Old Red sandstone plants showing structure, from the 
Rhynie chert bed, Aberdeenshire. Part V. The Thallophytes, etc. Trans. Roy. Soc. Edinburgh 
52:855-902. 

Krishtofovich, A. (1953). Discovery of Lycopodium (Lycopodiaceae) in the Cambrian deposits of 
eastern Siberia. Doklady Acad. Sci. U.S. S. R. 916:1377-1379. (Russian text) 

Ladd, H. S., and R. W. Brown (1956). Fossils lift the veil of time. Nat. Geog. Mag. 109:363-386. 

Leclercq, S. (1954). Are the psilophytes a starting or a resulting point? Svensk Bot. Tidskr. 48: 
301-315. 

Macgregor, A. M. (1941). A pre-Cambrian algal limestone in southern Rhodesia. Trans. Geol. Soc. 
South Africa 43:9-15. 

Naumova, C. N. (1949). [Spores of the Lower Cambrian.—in Russian]. Acad. Sci. U.R.S.S, Bull. 
Geol. Ser. No. 4, pp. 49-56. 

Read, C. B. (1935). A Devonian flora from Kentucky. Jour. Paleont. 10:215-277. 

, (1936). The flora of the New Albany shale. Part 1. Diichnia kentuchiensis, a new repre- 
sentative of the Calamopityeae. U.S. Geol. Surv. Prof. Paper 185-H:149-155. 

, (1937). The flora of the New Albany shale. Part 2. The Calamopityeae and their rela- 
tionships. U.S. Geol. Surv. Prof. Paper 186-E:81-91. 

, and G. Campbell (1939). Preliminary account of the New Albany shale flora. Amer. 
Midl. Nat. 21:435-453. 

Smith, Arlo I. (1939). The comparative histology of some of the Laminariales. Amer. Jour. Bot. 
26:571-585. 

Smith, G. M. (editor) (1951). Manual of Phycology. Chronica Bot. Co. 375 pp. Waltham, Mass. 

Tyler, S. A., and E. S. Barghoorn (1954). Occurrence of structurally preserved plants in Pre- 
Cambrian rocks of the Canadian shield. Science 119:606—608. 

Surange, K. R. (1952). The morphology of Steuropteris burntislandica P. Bertrand and its mega- 
sporangium Be ites fusiformis R. Scott. Phil. Trans. Roy. Soc. London 237B:73-91. 

Walcott, C. D. (1919). Cambrian geology and paleontology IV. No. 5. Middle Cambrian algae. 

Smithson. Misc. Coll. 675:217-260. 


Vol. 43 

cently 

iption 

on of 

arious 

t, one 

Or its 

ntem- 

»mical 

upon 

elpful 

or the 

ed to: 

lannes 

ig the 

of the 

ica. IV. 

Palae- 

se to P. 

Buffalo 

western 

. Bull. 

-central 

13-122. 
Amer. 

§6:259- 

, Amer. 

Bergiani 

of New 

ast. Sci. 


[Vol. 43, 1956) 
372 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


EXPLANATION OF PLATE 


PLATE 4 
Crocalophyton readi Andrews and Alt 


Fig. 1. Specimen No. 40798 (U.S.N.M.), approximately natural size. 


Fig. 2. Detail of transverse section showing looped form of strands. 23X. Slide 
B1C,bl1. 


Note: All figured slides are preserved in the Paleobotanical collections of the United 
States National Museum. Slide numbers noted herein indicate the position from which they 
were prepared as indicated in text-fig. 1. 


Awn. Mo. Bor. Garp., Vor. 43, 1956 


ANDREWS ALT — CROCALOPHYTON READI 


PLatE 4 
1956] 
a 


CROCALOPHYTON READI 


ANDREWS anv ALT 


Ann. Mo. Bor. Garp., Vor. 43, 1956 


Phare 
Vv 
— 


[Vol. 43, 1956] 
ANDREWS AND ALT-——-CROCALOPHYTON READI 


EXPLANATION OF PLATE 


PLATE 5 
Crocalophyton readi Andrews and Alt 


Fig. 3. Transverse view through a representative portion of a strand zone. Line A-A 


indicates orientation of “tangential” section (see fig. 4); line B—B indicates orientation of 
“radial” section (see fig.5). 14X. Slide B1C,b1. 
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EXPLANATION OF PLATE 


PLATE 6 
Crocalophyton readi Andrews and Alt 


Fig. 4. Strands in tangential view. 40X. Slide A2-2, s2. 
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EXPLANATION OF PLATE 


PLATE 7 
Crocalophyton readi Andrews and Alt 


Fig. 5. Strands in radial view. 32%. Slide A2-1, sl. 


Figs. 5A, 5B. Pitting in radial walls of strand cells. About 600X. Slide A2-1, s2. 


Figs. 6, 7. Detail of strands in transverse section. 75%: fig. 6, Slide B1-B, b1; fig. 7, 
Slide A2-2, t1. 


Prats 7 

375 

| 

> 

| 


[Vol. 43, 1956) 
376 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


EXPLANATION OF PLATE 
PLATE 8 
Crocalophyton readi Andrews and Alt 


Fig. 8. Longitudinal view showing occasional distortion of the normal “radial” align- 
ment of strands. 34X. Slide A2-2, s2. 
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EXPLANATION OF PLATE 
PLATE 
Crocalophyton readi Andrews and Alt 
Fig. 9. Parenchyma in longitudinal section. 100X. Slide A2-2, 2. 
Fig. 10. Parenchyma in transverse section. 100X. Slide A2-2, t2. 
Fig. 11. Parenchyma associated with strands; tangential section. 100X. Slide Dy, sl. 
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EXPLANATION OF PLATE 


PLATE 10 
Crocalophyton readi Andrews and Alt 


Areas possibly of a secretory nature. For further explanation see text. 


Fig. 12. 77X. Slide DY, b1. 
Fig. 13. 27X. Slide B1-B, b2. 


- 


Aww. Mo. Bor. Garp., VoL. 43, 1956 


ANDREWS ano ALT CROCALOPHYTON READI 


Puare 10 
1956) 

ext 

OM 


= 


A NOTE ON THE NODAL ANATOMY OF 
ANKYROPTERIS GLABRA BAXTER 


HENRY N. ANDREWS* 


Considerable interest has been centered in the Carboniferous genus Ankyropteris 
since it presents, so far as I am aware, the earliest known instance of axillary 
branching. A comprehensive understanding of the genus may be gained from the 
works of Scott (1912), Holden (1930), Read (1938), Baxter (1951) and others 
cited in these papers. It is the purpose of this note to supplement the description 
of A. glabra Baxter (1951) with particular reference to the nodal anatomy. 

The specimen of A. glabra described here was found in the same collection of 
coal balls from which Baxter obtained the type specimen,—the Indiana No. 5 coal 
about 10 miles north of Booneville, Indiana. This species was delimited from pre- 
viously described species of Ankyropteris on the basis of the lack of multicellular 
hairs and the origin of the axillary branch from the stem above the point of 
departure of the leaf trace. When compared with conceivably related species I 
believe the difference is actually more clear cut. In A. grayi Scott, for example, 
the stele is much more angular, the central mixed pith is more conspicuous, and the 
trace at the point of departure from the stem stele is triangular, being quite in 
contrast to the more or less round (in transverse section) trace of A. glabra. Sim- 
ilar differences clearly delimit A. glabra from A. corrugata (Holden, 1930). 

On the basis of the type specimen Baxter pointed out that in A. glabra the 
petiole (phyllophore) trace departs from the stem before the axillary stele, the 
latter remaining attached to the stem stele for another centimeter. In contrast 
to this, in A. grayi a single triangular trace departs from the stem stele and then 
divides into two, one trace becoming differentiated into the petiole trace and the 
other into the axillary branch trace. 

The specimen under consideration consists of a stem about 12 cm. long bearing 
the basal portion of two petioles and associated branches. The internodal distance 
is 7 cm., corresponding to that cited for the type specimen. Since the anatomy of 
the two nodes differs somewhat from each.other as well as from the type specimen 
it may be convenient to consider them separately. 


Node 1.—The node is identified by the departure from the stem stele of a 
strand or “common trace” (pl. 11, figs. 1, 2) that is of essentially the same or- 
ganization as the stem stele itself, differing only in its smaller size. It is not until 
this is distinctly separate (fig. 3) that it shows evidence of differentiating into a 
leaf trace and an axillary branch stele. In fig. 4 the two are separate, the leaf trace 
being a slender, tangentially elongated strand and the axillary branch trace being 
more or less circular in transverse section. The leaf trace next divides into two 
essentially equal strands one of which passes off to the right, as shown in fig. 5, 


* Henry Shaw School of Botany of Washington University. St. Louis, Mo. 
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and the other presumably develops into the main petiole strand, although preserva- 
tion beyond this point is very poor. The significance of this early division of the 
petiole trace is not clear. It may possibly be interpreted as a dichotomy of the 
rachis, as is known in certain of the sphenopterid fronds and in Telangium affine, 


Node 2.—The departure of the common trace at first follows the same pattern 
described above; that is, it separates from the stem stele and then becomes differ- 
entiated into an axillary branch stele and petiole trace (fig. 6). The latter, starting 
as a tangentially elongated bar, develops into the characteristic H-shaped Ankyrop. 
teris leaf (phyllophore) trace (fig. 7). 

It is then apparent that the xylary nodal structure presented by this specimen 
compares more closely with that described for A. grayi Scott than for A. glabra 
Baxter. Since the specimen described here was obtained from the same coal ball 
collection from which Baxter obtained A. glabra and the two compare closely in 
every other way, there was apparently a certain degree of variation in the nodal 
anatomy. Since this difference, although of considerable anatomical interest, is not 
sufficient to warrant a distinct specific entity, it seems desirable to emend Baxter's 
specific diagnosis: 

ANKYROPTERIS GLABRA Baxter, emend. Andrews. 


Stem oval in transverse section, approximately 14 X 9 mm.; stele 5-lobed, 
consisting of very narrow discontinuous rays of small tracheidal cells surrounded 
by much larger tracheids. Cortex a narrow inner zone of thick-walled cells aad a 
broad outer zone of thin-walled parenchyma; aphlebiae numerous; surface of plant 
glabrous. Petiole (phyllophore) trace of the di-upsilon type. Axillary branch 
stele arising either from the stem above the point of departure of the petiole trace 
or from the division of a common trace. 


Origin: Identical with that cited for the type specimen by Baxter (1951, p. 440). 
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EXPLANATION OF PLATE 11 
Ankyropteris glabra Baxter 


Figs. 1-5. Stages in the departure of a petiole trace and axillary branch in Node 1. 
Fig. 6. Stem stele, branch stele, and trace of Node 2. Fig. 7. Petiole trace at a slightly 
higher level than shown in fig. 6. Peel preparations as follows: fig. 1, 888 B-t16; fig. 2, 
B-t4; fig. 3, C-b2; fig. 4, C-b6; fig. 5, C-b10; fig. 6, G-b6; fig. 7, G-b13. 
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SOME LICHENS OF TROPICAL AFRICA. II. USNEA 
CARROLL WILLIAM DODGE* 


Through the kindness of Sir Edward Salisbury, Director of the Royal Botanic 
Gardens at Kew, I have had an opportunity to study a large accumulation of 
unnamed Tropical and South African lichens, of which nearly half belong in the 
genus Usnea. At about the same time I received a smaller collection from the 
East African Herbarium at Nairobi, Kenya, through the kindness of Dr. Bernard 
Verdcourt. I also wish to express my appreciation of the courtesies of Mr. 
Hamilton, then Acting Curator of the Herbarium of the Art Galleries of the 
Glasgow Corporation, for permission to study types in the Stirton Herbarium, and 
of Dr. John Ramsbottom and the late Miss Annie Lorrain Smith at the British 
Museum, during my stay in these institutions while a John Simon Guggenheim 
Memorial Foundation fellow in 1930. I am also indebted to Dr. I. Mackenzie Lamb 
for permission to study specimens at the Farlow Herbarium, and to Dr. Ove Alm- 
born for a few African specimens. 

Most of the species previously reported by Motyka! were represented in these 
collections as well as several previously undescribed species. On microscopic study, 
I have transferred a few of Motyka’s species to other sections or subsections and 
have rewritten my key? to include the new species. Wherever there might be 
ambiguity, as when a species is somewhat intermediate between sections, I have 
included it in both. Since some of the South African species also occur in Tropical 
Africa and the present collections contain some material from South Africa and 
Madagascar, I have also included species reported by Motyka from those regions, 
i.e. all species of the African continent and of the adjacent islands south of 15° 
N. latitude. 


Where I have seen specimens, the colors are recorded from comparison with 
Ridgway (Color standards and color nomenclature. 44 pp. 53 pl. Washington, 
D.C. 1912). Measurements of the cortex, algal layer, medulla, and axis should 
not be taken too literally, as proportions of these parts are more constant in a 
given species than the absolute measurements. It should also be remembered that 
the thickness of the medulla as given by Motyka includes the algal layer as well 
as the medulla proper. In groups with a thick medulla, the thickness of the algal 


'Motyka, J. Lichenum generis Usnea studium monographicum. 651 pp. Leopoldi 1936-38. 

Motyka, J., & R. Pichi-Sermolli. Usneae in Missione ad Lacum Tana et Semién a R. Pichi-Sermolli 
anno 1937 lectae. Webbia 8:383-404. 1952. 

Motyka, J. O kilku nowych i mniej znanych gatunkach rodzaju Usmea. Species nonnullae 
novae vel minus cognitae generis Usnea [1.]. Frag. Florist. Geobot. 12:25-37. 1954. 

Dodge, Carroll W. Some lichens of Tropical Africa [I]. Ann. Mo. Bot. Gard. 40:271-401. 
(See pp. 380-383). 1953. 
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layer does not make much difference in the final ratios of the medulla to cortex 
or axis, but it does in a few species with a thin medulla, as the algal layer shows 
less variation in thickness from species to species than the other structures. As 
far as possible transverse sections of a branch were made just above the first 
dichotomy or branch, or, if an articulate species, from the middle of the first joint 
above the first branch. If the basal portion of the plant were missing, I sectioned 
the basal end of the portion available. As apothecia are often few and apothecial 
structures are quite constant throughout the genus, I have seldom sectioned the 
apothecia. 

The species numbers in the following key are those used in the present mono- 
graph to be continued in the next number of the ANNaLs (Vol. 44, No. 1), and 
the new taxa herein described are numbered as in the key. 


KEY TO USNEA IN AFRICA SOUTH OF 15° N. 


. Algae Trentepoblia; thallus grayish green, sometimes drying yellowish, rigid, 3-10 cm. 
tall; axis 250-1150 yw in diameter; medulla compact, usually thinner than the 


cortex ----ROCCELLINAE 2 

1. Algae Trebouxia or protococcoid 8 
2. Thallus eramulose (rarely a few spinules may grow out im situ as short pseudoramuli 

in U. perbispidella) 3 

2. Thallus clearly ramulose and fertile; exciple reticulate-rugose; axis hollow....................::00 ee 

3. Apothecia present, marginal cilia rare, distant; surface of the thallus papillate. 4 

3. Apothecia absent 5 
4. Apothecia 8 mm. in diameter, almost eciliate; thallus not spinulose, up to 8 cm. tall; 

axis hollow; saxicole; $. Rhodesi 1. U. cervicornis Dodge 


4. Apothecia 3-5 (-6) mm. in diameter, cilia rare, short, subdistant; thallus spinulose- 
isidiose from small papillae; axis solid; corticole; $. Sudan and Kenya. 
2. U. perhispidella Steiner 
5. Axis solid, surface not eroded; thallus up to 8 cm. tall; soredia white, isidiose on low 
tubercles but appearing farinose after isidia are shed; corticole; Uganda, Tangan- 
yika, and Natal 3. U. sorediosula Mill. Arg. in Motyka 
5. Axis very slightly lacerate, surface longitudinally eroded and somewhat angular, composed 
of interwoven strands of thick-walled hyphae; thallus 3-4 cm. tall; soralia 
farinose, soredia dark fuscous; saxicole 6 
5. Axis lacerate with many small cavities, surface smooth; thallus internodes short below and 
above, longer in mid-portion, tips recurved, surface minutely verrucose, each 
verruca producing a single isidium; both saxicole and corticole; Kenya and 
Uganda 4. U. nutans Dodge 
5. Axis hollow, loosely stuffed with brown hyphae; thallus branched near the base, ultimate 
branches 7 cm. long, densely isidiose-spinulose throughout; saxicole; Tanganyika. 


5. U. Dod 
6. Medulla K— or slightly yellowing; thallus sparingly dichotomous, 4 cm. tall, 1 mm. in 
diameter; Southwest Africa U. hereoensis (Vainio) Darb. 


6. Medulla K red; thallus repeatedly dichotomous, 3 cm. tall, 0.5—-0.7 mm. in diameter; 
southwest Angola. ....... U. dana (Vainio) Darb. 
7. Apothecia up to 15 mm. in diameter; exciple ramulose along the ridges; marginal cilia 
crowded, 2 mm. long; disc white-pruinose; ramuli dense throughout; axis 1.5 mm. 
in diameter, with a large cavity; arboricole; Uganda..................... 6. U. pulvinulata Dodge 
7. Apothecia 5-7 (-10) mm. in diameter; exciple not ramulose; marginal cilia not crowded, 
3 mm. long; disc buffy’ brown, not pruinose; ramuli irregularly disposed, 4-5 
mm. long; axis 0.75 mm. in diameter, cavity rather narrow; saxicole; Kenya, 


7. U. Liechtensteinii Steiner 
8. Axis hollow or loosely stuffed in larger branches; apothecia ciliate, rarely eciliate; 
thallus smooth or papillate, not scrobiculate; soredia isidi Subg. EUMITRIA 9 


8. Axis solid, rarely somewhat lacerate or with a very narrow stuffed cavity. 


Subg. EUUSNEA 21 
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. Thallus distinctly angled or at least with papillae in dense rows 10 
, Thallus terete, not angled nor with papillae in dense rows 11 
10. Thallus olive green, 2- to 3-angled; cortex continuous, larger ramuli smooth; soredia 
isidiose along ridges between the rare ramuli; coastal Kenya, Tanganyika. 
U. cristata Motyka 
10. Thallus light brownish olive below, shading through Isabella color to chamois above; 
cortex subareolate, larger ramuli foveolate, sparsely papillate below; apothecia up 
to 20 mm. in diameter, exciple smooth or papillate with radial ridges; mountains 
of Tanganyika 8. U. subcristata Dodge 
. Cavity narrow, or axis lacerate and cavity more or less stuffed with hyphae 12 
. Cavity very wide and distinct, usually not stuffed 14 
12. Thallus almost eramulose with a few irregular ramuli, persistently ashy green, branches 
perpendicular, straight or irregularly flexuous, 10 cm. tall, 2 mm. in diameter, 
tapering gradually to the tips, slightly rugulose, sorediose; Angola. 
U. Welwitschiana Motyka 
12. Thallus ramulose, 5-10 cm. tall, branches divergent; fertile, exciple slightly rugulose 
or smooth. 13 
. Medulla rose; ramuli 2 mm. long, slendcr, perpendicular, dense; apothecia 7 mm. in 
diameter, exciple ciliate; disc flesh-color, marginal ciliz few and short; Kenya to 
Bechuanaland, (CERATINAE) 85. U. acanthera Vainio 
. Medulla white; ramuli 4-5 mm. long, thick, sparse to dense, appressed to the branches; 
* apothecia up to 10 mm. in diameter, exciple and margin eciliate; Kenya, Tangan- 
w yika (ROCCELLINAE) 7. U. Liechtensteinii Steiner 
LLINAE 2 14. Thallus eramulose, sorediose. 
14. Thallus ramulose. 
. Medulla rose, cavity loosely filled; thallus 20 cm. long; Congo, Kenya............. 9. U. elata siaihe 
. Medulla white, cavity densely filled with yellow hyphae; thallus 30 cm. long; Madagascar. 


16 
16. Soredia granulose, isidiose from the tubercles over the whole plant............... U. sororia Motyka 
16. Soredia on capitiform tubercles, 1 mm. in diameter, mostly on the lateral branches. 

U. sororia £. bisorediata Motyka 
vis Dodge . Thallus fertile, not sorediose. 18 


. Thallus sterile, sorediose.... 19 
18. Branches slightly inflated; apothecia 7-10 (-15) mm. in diameter; exciple convex, 
_— papillate to ciliate; marginal cilia rare; disc pruinose; medulla rose; Cameroons to 
Tanganyika... 11. U. firmula Motyka 
. 18. Branches not inflated; apothecia up to 20 mm. in diameter, plane; exciple slightly 
1 Motyks verrucose and venose-rugulose; marginal cilia close; disc cinnamon; medulla white, 
ts pale rose next the axis; Uganda, Congo. 12. U. medio-africana Dodge 
wee 18. Branches not inflated; apothecia 1-2 mm. in diameter; exciple convex, smooth, mar- 
ginal cilia close; disc carneous,.white-pruinose; medulla white; Uganda...10. U. nana Dodge 
ria . Thallus 1-1.2 mm. in diameter, ramulose below, nude above; St. Helena, Cameroons to 
Tanganyika and south to Réunion U. implicata (Stirton) Zahlbr. 
. Thallus 2 mm. in diameter, r lose throughout 20 
20. Thallus remaining greenish ashy, soredia isidiose on tubercles, especially on the ramuli; 
Madagascar, Tanganyika U. Baileyi (Stirton) Motyka 
20. Thallus drying Mars brown to russet with paler ramuli in the herbarium; a few small 
tubercles producing single minute isidia, not sorediose; Uganda...13 U. brunnescens Dodge 
. Thallus scrobiculate or foveolate, epapillate; flaccid, base not blackened. FOVEATAE 22 
. Thallus terete or angled, usually more rigid; base often blackened 
22. Thallus white to pale green. 14-20 cm. long, not fruticulose, very flaccid; saxicole. 
22. Thallus darker colored, 9 cm. or less tall, somewhat fruticulose but rather flaccid 
» Thallus white, green-punctate, 14 cm. long (incomplete), 1.5 mm. in diameter, summits 
capillaceous; apothecia 2 mm. in diameter, lateral on larger branches, eciliate; 
S. Africa (AMABILES) U. primitiva Motyka 
- Thallus drying clay color, partly somewhat fuscous, 20-30 cm. long, not contorted, 1 mm. 
in diameter, summits short; apothecia and soredia unknown; Cameroons. 
14. U. versicolor Motyka 
24. Thallus flattened, 3 cm. tall, 2 mm. in diameter; apothecia up to 15 mm. in diameter, 
densely ciliate; Ethiopia 15. U. complanata (Mill. Arg.) Motyka 
24. Thallus not distinctly flattened; di 25 
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25. Thallus up to 12 cm. tall, 2 mm. in diameter, acutely rugose; Ethiopia to Tanganyika. 
: 16. U. corrugata Motyka 


25. Thallus 6-7 cm. tall, not acutely rugose. 26 
26. Branches closely ramulose; soredia in farinose tubercles; Ethiopia to Comoro Islands 
(see also f. eciliata Motyka)..............--0cec-seeeee-e 17. U. pulverulenta (Mill. Arg.) Motyka 


26. Branches sparsely and irregularly ramulose; soredia isidiose on low ridges, cortex of 

larger branches not areolate; French Guinea, Angola to S. Africa, mer and 
Comoro Island J. leprosa Motyka 

27. Thallus articulate with pseudocyphellae but not papillate, inflated, (10-) isan cm. long, 
medulla very lax. ARTICULATAE 28 

. Thallus continuous or, if articulate, without pseudocyphellae, often fruticose, papillate, 
and ramulose. 35 

28. Thallus up to 60 cm. long, 2.5 mm. in diameter, pale stramineous; joints 4-10 (-30) 

mm. long, only slightly inflated;.ramuli 10 mm. long; isidiose on some joints, not 


on others; Eritrea to Tanganyika 18. U. flavescens Motyka 

28. Thallus (10—) 25-60 cm. long, eramulose or with only an occasional ramulus 29 

29. Pseudocyphellae elevated, conspicuous; thallus strami 30 
29. Pseudocyphellae not elevated, rather inconspicuous; thallus usually fuscescent in the 

herbarium 31 


30. Thallus foveolate, 40-60 cm. long, 2 mm. in diameter; joints 5 (-10) mm. long; 
soredia along ridges; pale irregular “‘cephalodia” often present; Eritrea, Somaliland 
and S. Africa 19. U. praelonga Stirton 
30. Thallus smocth, up to 40 cm. long, 2 mm. in diameter, joints 0.3-20 mm. long; 
apothecia 5 (-10) mm. in diameter, marginal cilia few; Sierra Leone to Cameroons. 
20. U. pseudocyphellata Motyka 
31. Thallus up to 30 cm. long, 2.5 mm. in diameter, relatively rigid, joints up to 70 mm. 


long, curved; Sierra Leone to St. Helena 21. U. speciosa — 

31. Thallus 10-40 cm. long, flaccid, joints 10-30 mm. long, nearly straight................-2.------sesceessee- 
32. Thallus smooth or only slightly deformed P- 
32. Thallus foveate to rugose. 34 


- Thallus 15-25 cm. long, 1-1.4 mm. in diameter, stramineous or pale stramineo-fuscous; 
apothecia 5-7 mm. in diameter, exciple smooth, marginal cilia dense and long; 

S. Africa and Madagascar U. flexilis Stirton 
33. Thallus up to 60 cm. long, up to 3 mm. in diameter, lurid fuscous, summits long, capilla- 
ceous; apothecia rare, 2-4 mm. in diameter, exciple lacunose, marginal cilia few 

but long; Kenya to Nyasaland, and Angola 22. U. vesiculata Motyka 
33. Thallus 20 cm. long, 1 mm. in diameter, sepia, summits cream buff, joints scarcely 
inflated; apothecia and soredia unknown; Tanganyika to S. Africa (STRAMINEAE, 


AMOENAE) 30. U. moniliformis Motyka 
- Thallus only 10-15 cm. long, 0.5 mm. in diameter, summits inconspicuous, sterile and 
esorediose; Ethiopia to Tanganyika 23. U. deminuta Motyka 


34. Thallus foveate to scrobiculate on larger joints (25-30 X 4-5 mm.), smooth on 
smaller joints (5-10 X 1-1.4 mm.) with small soralia of isidiose soredia on smaller 
non-articulate branches; ramuli 5 mm. long on smaller branches; corticole; Ethi- 
opia and Kenya 24. U. articulata subsp. aethiopica Dodge 

34. Thallus foveolate, pale fuscous, up to 20 cm. long, 1-3 mm. in diameter, summits 
capillaceous; soredia pale sulfur color in large soralia; saxicole; Kenya, Tangan- 
yika and Congo. 25. U. terrestris Motyka 

34. Thallus partly foveolate to rugose on larger joints, not on others, 20 cm. long; joints 
up to 10 X 2 mm. alternating with short joints 0.3 mm. in diameter, reddish 
fuscous; no pseudocyphellae; no apothecia nor soredia known; Kenya, Uganda, 
Tanganyika (RUBIGINEAE) 79. U. erubescens (Stein) Motyka 

34. Thallus longitudinally rugose, lurid fuscous, up to 65 cm. long, up to 4 mm. in 

iameter, summits short, curved, more densely branched; apothecia about 5 mm. 
in diameter, marginal cilia few; Ethiopia 26. U. rugosa Motyka 
. Thallus either persistently stramineous, yellow, or soon becoming fuscous in the herbar- 
ium; cortex thin, papery, or, if thicker, very smooth, medulla usually thick and lax 
(often relatively thinner and more compact in the STRAMINEAE, SULCATAE)......-.-++--+--- 36 
35. Thallus ashy green, rarely red or, if stramineous, then papillate or tuberculate, seldom 
and very late fuscous in the herbarium 

36. Thallus subarticulate, elongate, rather flaccid, mostly more than 20 cm. long. 

STRAMINEAE 37 


36. Thallus short, under 15 cm. long, fruticose and usually more rigid. ....-.-------GLABRATAE 46 
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37. Thallus stramineous, pale yellow or pale fuscous, subarticulate, usually eramulose; sterile 
(very rarely fertile in U. gracilis Ach.) AMOENAE 39 
37. Thallus stramineous when fresh, soon fuscescent in the herbarium, abundantly ramulose 
38. Thallus tercte. EUSTRAMINEAE 41 
38. Thallus longitudinally rugose to angled and sulcate SULCATAE 43 
39. Thallus finally pale fuscous in the herbarium, 0.5 mm. in diameter; medulla about equal the 
axis in thickness, K—; Ethiopia to Nyasaland, Madagascar to Réunion. 
28. U. gracilis Ach. 
39. Thallus persistently stramineous, 0.6 mm. or less in diameter; medulla thicker than the 
axis, K red; Ethiopia, Kenya and Uganda 27. U. Vainioana Zahlbr. 
39. Thallus pale fuscous in the herbarium, 1 mm. or more in diameter, more rigid; summits 
capillaceous, medulla K— or yellow 40 
40. Ramuli confined to small clusters in upper portions of the branches; joints variable in 
length, up to 1.3 mm. in diameter, many inflated, clearly annulate; medulla K 
yellow; St. Helena and Fernando Po 29. U. pulchella Motyka 
40. Ramuli very rare or absent, not in clusters; thallus 1 mm. in diameter below, joints 
1-3 (-10) mm. long, not constricted nor inflated, less annulate; medulla K—; 
Kenya to S. Africa 30. U. moniliformis Motyka 
41. Thallus rose or copper-rose, medulla K—, 30 cm. long, 2-3 (—4) mm. in diameter; irregu- 
larly ramulose; no apothecia nor soredia known; saxicole; Ethiopia.......U. saxatilis Motyka 
4i. Thallus becoming fuscous, sorediose, medulla K yellow or red 42 
42. Thallus 17 cm. long, 0.8 mm. in diameter, very flaccid; joints not constricted at crack 
but limbiform, dilated; medulla thick, dense, continuous in cracks, K yeilow then 
red; Rodrigues Island U. dasypogoides Nyl. 
42. Thallus abcut 20 cm. long, 2.5 mm. in diameter, soft, foveolate, irregularly articulate, 
surface indistinctly and minutely papillate; medulla K yellow, then red; Mauritius, 
Rodriguez, Comoro, and Seychelles and Socotra islands. 31. U. straminea Mill. Arg. 
42. Thallus 30-35 (—60?) mm. long, branches up to 2 mm. in diameter below, becoming 
capillaceous above, indistinctly articulate, surface with oblong ridges, farinose; 
medulla K yellow; apothecia rare, 2-3 mm. in diameter, exciple slightly rugose 
with few marginal cilia; soredia on ramuli; Kenya, Congo, Uganda and Tanganyika. 
32. U. exasperata (Mill. Arg.) Motyka 
. Thallus longitudinally rugulose and subfoveolate, over 25 cm. long, 1 mm. in diameter, 
very minutely papillate on some joints, smooth on others, tips capillaceous, densely 
branched; ramuli close but irregularly disposed; apothecia lateral on secondary 
branches, up to 10 mm. in diameter; Egypt to Ethiopia and northern Kenya 
(BARBATAE, PENDULINAE) 33. U. Pinkertonii Stirton 
. Thallus up to 20 cm. long, 1.5 mm. in diameter, obliquely or longitudinally rugose, not 
sulcate, tips capillaceous; ramuli rare and irregularly disposed, longer on the 
thinner branches; soredia isidiose; Kenya to S. Africa 35. U. fusca Motyka 
. Thallus more than 55 cm. long, about 1.5 mm. in diameter, longitudinally rugose, ridges 
low, thin, tops farinose, not sulcate between ridges; ramuli irregularly disposed, up 
to 30 mm. long, tuberculate, forming isidiose soredia; Cameroons. 
5 34. U. cameroonensis Dodge 
. Thallus more angled and deeply sulcate between ridges on larger branches 44 
. Thallus articulate, red-fuscous, alternating joints 10 2 mm. and very short, 0.3 mm. 
in diameter, some joints rugose or foveate, others smooth; no apothecia nor soredia 
seen; Kenya, Uganda, Tanganyika (RUBIGINEAE) 79. U. erubescens (Stein) Motyka 
44. Main branches up to 2 mm. in diameter; thallus over 40 cm. long, acutely angled and 
longitudinally rugose, deeply foveate between the ridges; ramuli close, smaller 5 
mm. long, mixed with much longer, thick below with obtuse tips; apothecia un- 
known; isidiose soredia on tubercles on some ramuli; Kenya and Uganda. 
36. U. decipiens Motyka 
44. Branches 1.3 mm. or less in diameter; apothecia about 10 mm. in diameter 45 
45. Branches 1.3 mm. in diameter, thallus up to 60 cm. long, acutely angled and sulcate; 
ramuli irregularly disposed, 4-5 mm. long, base thick, tips acute; summits densely 
dichotomous; Uganda to Natal 37. U. aequatoriana Motyka 
45. Branches 0.5 mm. in diameter, thallus only 13 cm. long, obtusely angled, cortex scaling; 
ramuli disposed along the whole thallus, 3-10 mm. long, fibrillitorm; Uganda and 
Tanganyika to South Africa 38. U. flaccida (Mill. Arg.) Motyka 
46. Thallue subarticulate, sparingly ramulose; medulla lax, sterile PYCNOCLADAE 47 
46. Thallus subarticulate or continuous, ramulose; medulla lax, fertile. 
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46. Thallus with abundant spinules; medulla lax, fertile (also sorediose in U. undulata 


Stirton) SCABRIDAE 56 
46. Thallus persistently yellow-stramineous, sorediate and sparingly fertile; medulla thick 
and lax XANTHOPOGAE 58 


46. Thallus pale ivory yellow (becoming fuscous in U. incrassata), sterile (fertile in U. 
amaniensis [LONGISSIMAE] which might be referred here); medulla dense under 
the cortex, becoming lax near the axis; eramul OSSEOLEUCAE 59 
47. Thallus 8-10 cm. long, minutely verrucose, sometimes with reticulate ridges, giving a sub- 
foveolate appearance; eramulose (sometimes isidiose soredia develop in situ to form 
dense clusters of pseudoramuli); terricole; Cameroons...................-- 39. U. terricola Dodge 
47. Thallus about 15 cm. tall, very indistinctly papillate, papillae cylindric; ramuli 1-2 mm. 
long, very slender; Tanganyika, Uganda and N. Rhodesia. 
40. U. bispidula (Mill. Arg.) Motyka 
47. Thallus up to 15 cm. tall, with distinct rugi but nearly terete; ramuli irregularly disposed, 
variable in length and thicker; Tanganyika, Sudan and Madagascar. 
41. U. usambarensis Motyka 


47. Thallus shorter, usually much under 10 cm. tall 48 
48. Ramuli few; thallus 2.5 cm. tall, divergently branched, persistently pale stramineous, 

terete; medulla K—; soredia isidiose in minute soralia; South Africa....... U. delicata Vainio 

48. Ramuli irregularly dense 49 

48. Eramulose.. 50 
49. Thallus 7-10 cm. tall, 2 (-—2.5) mm. in diameter, fuscous; medulla K red; soredia white 

to yellowish, in tubercles; Congo to Cape of Good Hope............. 42. U. cartilaginea Laurer 


49. Thallus up to 5 cm. tall, 1-1.5 mm. in diameter, old gold to Isabelline; medulla K yellow, 
becoming red then fuscescent (reddish fuscous); soredia isidiose; Kenya and 
Uganda to S. Africa; Madagascar (U. pulvinata Motyka, p. p.) 
43. U. transvaalensis Vainio 
49. Thallus 4 cm. tall, 1 mm. in diameter, fuscous; medulla K—; soredia in indistinct 
tubercles; Ethiopia to Tanganyika 44. U. ruwenzoriana Motyka 
50. Thallus 7 cm. tall, 1 (—1.5) mm. in diameter, rose to copper-red; medulla K in- 
distinctly yellowish fuscescent; soredia in slightly elevated oblong soralia; S. Africa 
to Madagascar. U. Havaasii Motyka 
50. Thallus up to 10 cm. tall, 1.5 (-2) mm. in diameter, ashy green to tawny olive; 
medulla K—; soredia isidiose in large hemispheric soralia, becoming farinose; 


Cameroons, Angola, Congo and Uganda..............--..--c:sssecsseseeeeeseeee 45. U. Haumanii Motyka 
51. Branches almost cylindric, subsimple, indistinctly inflated; apothecia up to 5 mm. in 
diameter; Uganda 46. U. simplicissima Motyka 
51. Branches distinctly inflated, more or less closely branched 52 
52. Thallus distinctly and grossly papillate, branches foveate and deformed; apothecia 6 
mm. in diameter; Mauritius, Réunion, and South Africa........... 47. U. fuscorubens Motyka 
52. Thallus indistinctly papillate; apothecia much larger (except in U. submollis Steiner)......... 53 
53. Thallus 3-5 cm. tall, olive fuscous in the herbarium; apothecia 1.5-3 mm. in diameter, 
exciple smooth; marginal cilia few; Cameroons to South Africa.....48 U. submollis Steiner 


53. Thallus 9 cm. tall, 2 mm. in diameter, tawny olive with cinnamon-buff, subdistant ramuli; 
apothecia 11-12 mm. in diameter, exciple minutely verrucose with low radial 
ridges from concrescent axis and ramuli; marginal cilia distant, 10 mm. long; 
Tanganyika 49. U. blepharoides Dodge 

53. Thallus 7-15 cm. tall, deep fuscous in the herbarium; apothecia 10-15 mm. in diametet......... 54 

54. Apothecia up to 15 mm. in diameter; exciple papillate, radiate-foveolate or reticulate 
in the center; marginal cilia abundant, flexuous; thallus 15 cm. tall, up to 5 mm. 
in diameter, dark fuscous; ramuli rather rare and irregularly disposed; Congo, 


Uganda U. ruvidescens (Jatta) Motyka 

54. Apothecia up to 10 mm. in diameter. 55 
55. Thallus up to 10 cm. tall, 2 mm. in diameter; exciple smooth to spinulose; Tanganyika 

and Comoro Island U. blepharea Motyka 


55. Thallus about 7 cm. long, 1 mm. in diameter; exciple smooth to foveolate; marginal cilia 
distant, 5 mm. long; Fernando Po, Congo, South Africa, and Madagascar. 
50. U. molliuscula Stirton 
55. Thallus 8 cm. tall, 1.5-2 mm. in diameter; exciple smooth, ramulose; marginal cilia 
numerous, short, obtuse, thick, almost inflated; Ethiopia to Tanganyika. 
51. U. obtusata Motyka f. perstrigosa Motyka 
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56. Thallus 9-30 cm. long, 1.5 mm. in diameter; soredia isidiose, dispersed over most of 
the branches, spinules not seen; apothecia 7 mm. in diameter, exciple smooth to 
foveolate with short spinules; marginal cilia few, short; Kenya to Cape of Good 
Hope 52. U. undulata Stirton 
56. Esorediose; apothecia smaller 57 
57. Thallus about 30 cm. long, 0.6 mm. in diameter; spinules minute; ramuli perpendicular, 
variously curved, the larger branched; apothecia about 6 mm. in diameter; exciple 
nearly smooth, marginal cilia dense, variously curved and branched, up to 12 mm. 
long; Tanganyika to Cape of Good Hope and Madagascar. 53. U. strigosella Steiner 
57. Thallus about 5 cm. tall, 1.2 mm. in diameter; ramuli 3 mm. long; Cameroons to Kenya, 
Rhodesia and Lourengo Marques 54. U. perspinosa Motyka 
58. Thallus about 9 cm. tall, branches up to 2 mm. in diameter, sulfur to yellowish; 
sterile; Madagascar 56. U. sulphurascens Motyka 
58. Thallus up to 8 cm. tall, 1.5-2 mm. in diameter; ramuli rare; apothecia 3-5 mm. in 
diameter; Madagascar and Mauritius 55. U. luteola Motyka 
58. Thallus 4 cm. tall, 0.5-1.2 mm. in diameter; eramulose (smaller thalline branches 
simulate ramuli); apothecia 8 mm. in diameter; Mad ar U. chrysoleuca Motyka 
59. Both fertile and sorediose (see no. 58 above, U. luteola Motyka and U. chrysoleuca 
Motyka). 
59. Sorediose only. 60 
59. Fertile only; thallus up to 60 cm. long, about 1 mm. in diameter, prostrate with tips of 
short branches or ramuli forming secondary holdfasts, chamois to deep colonial 
buff; apothecia 3-5 mm. in diameter, exciple smooth, eciliate (LONGISSIMAE). 
U. amaniensis Dodge 
60. Thallus 15 cm. long, persistently osseoleuco-stramineous, 0.6—-0.8 mm. in diameter; 
Madagascar. U. Humberti Motyka 
60. Thallus 8.5 cm. (incomplete) long; primary branch 3 mm. in diameter, secondary 
branches (1—) 1.5 mm. in diameter, becoming fuscous in the herbarium; medulla 
K red then blackening; Tanganyika U. incrassata Motyka 
61. Thallus unchanging or late becoming fuscous in the herbarium; medulla thick, lax, cortex 
thin; irregularly branched, papillate tuberculate or sub-smooth, apices rather 
thick DENDRITICAE 62 
61. Thallus unchanging, never fuscous; medulla relatively thin, compact; cortex thick, often 
horny (sometimes scaling and more or less ecorticate); branching more regular. 
62. Thallus without pseudocyphellae and not white-maculate CLADOCARPEAE 64 
62. Thallus with pseudocyphellae or white-maculate 63 
63. Thallus abundantly r lose, fertile ALBOMACULATAE 69 
63. Thallus eramulose or nearly so, sorediose or fertile, more or less rugose with pseudo- 
cyphellae or small farinose spots SERPENTARIAE 71 
64. Thallus about 20 cm. long, pendent, flaccid, sterile (sparingly fertile in U. subleprosa) ; 
South Africa. 65 
64. Thallus about 10 cm. tall, erect or prostrate, rather rigid below, surface subrugose 
and subfoveate on smaller branches; sterile; Eritrea (BARBATAE, COMOSAE). 
57. U. syriaca Motyka 
64. Thallus 5-15 cm. tall, more fruticose and rigid; fertile (also sorediose in U. Ledienii). 
65. Thallus 0.6 mm. in diameter, becoming ferrugineo-fuscous, tuberculate and papillate, 
strigose-ramulose; soredia spiruliform; Cape of Good Hope............. U. filamentosa Motyka 
65. Thallus 1-2 mm. in diameter, olive-green, verruculose-papillate; apothecia up to 7 mm. 
in diameter, exciple sublacunose, verruculose, sorediose; marginal cilia few or none; 
Kenya to Transvaal 58. U. subleprosa Motyka 
65. Thallus 1.5-2 mm. in diameter, pale ashy stramineous, foveolate, impressed, papillae 
minute, cylindric; eramulose; Cape of Good Hope... U. cornea Motyka 
66. Exciple smooth or slightly verrucose or rugulose. 67 
66. Exciple papillate. 68 
66. Exciple foveate to scrobiculate, 10 mm. in diameter; thallus 7 cm. tall, citrine drab 
to dark olive buff; ramuli close, the shorter 1-3 mm. long, smooth, the longer up 
to 15 mm. long, isidiose-sorediose in tuberculate soralia; Cameroons to Uganda. 
59. U. Ledienii (Stein) Motyka 
67. Apothecia (5—) 10 (-—15) mm. in diameter; thallus up to 15 cm. tall, sepia to bone brown 
in the herbarium; ramuli subdistant on larger branches, closer on smaller branches, 
2-10 mm. long, the shorter smooth, the longer somewhat tuberculate but not 
sorediate; C to Angola 60. U. bispida Motyka 
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67. Apothecia 5 mm. in diameter; thallus 10 cm. tall, Saccardo’s umber and buffy brown; 
ramuli wood-brown to avellaneous, subdistant, 5 mm. long; Eritrea to South 


Africa 61. U. ochrophora Stzbgr. in Motyks 
67. Apothecia up to 9 mm. in diameter; thallus about 5 cm. tall, buffy clive to yellowish 
olive; eramulose; Sudan to Tanganyika 62. U. subfoveata Dodge 


68. Thallus about 7 cm. long, warm sepia to Verona brown; ramuli 1-10 mm. long, the 
shorter spinuliform, the longer tuberculate but not sorediate; apothecia 5-8 mm. 
in diameter; papillae long-capitiform; Eritrea to Tanganyika.......63. U. trachyna Motyka 
68. Thallus 5 cm. tall, light brownish-olive to Isabelline; ramuli irregularly disposed, 2-3 
mm. long, smooth; apothecia up to 15 mm. in diameter; Sierra Leone, Angola and 


Kenya 64. U. scutata Motyka 
69. Thallus onerorin pale fuscous, white-spotted, cortex hard; apothecia 4-6 (-15) mm. 
in diameter; esorediose; Ethiopia and Sudan 65. U. albomaculata Motyka 


69. Thallus becoming fusco-sepia, only small pseudocyphellae white, cortex hard; apothecia 
10 mm. in diameter; soredia farinose, sulfur yellow on slenderer branches; Ethiopia. 
U. abissinica Motyka 
69. Thallus dirty ashy-greenish becoming pale fuscous or yellowish, only small pseudo- 
cyphellae white, cortex soft; apothecia 10 mm. in diameter; Ethiopia. 
51. U. obtusata Motyka 
70. Ramuli dense, pale fuscous. Sib. U. obtusata f. perstrigosa Motyka 
70. Ramuli less dense, golden yellow, branches yellowish-fuscous. 
Sila. U. obtusata f. perflava Motyka 
71. Thallus olive green; branches up to 2.5 mm. in diameter; medulla thick (980 mu) soredia 
isidiose in punctiform soralia; Cape Verde, Cameroons, Cape of — Hope. 
. U. Bornmuelleri Steiner 


71. Thallus sepiaceous fuscous or stramineo-yellow; medulla up to 3000 mer ty hes a 
72. Branches 2-3 (-5) mm. thick, papillae in low ridges; soredia in ridges a at ¢ summits, 
isidiose, spinuliform; Ethiopia 67. U. Flotowii 


72. Branches 2 mm. in diameter, stramineo-yellow, verrucae hemispheric, evenly distrib- 
uted or in short ridges; soredia single, ovoid-spinuliform in tuberculiform soralia, 
white; Madagascar 56. U. sulpburascens Motyka 
72. Branches 2 mm. in diameter, less distinctly papillate, ridges elevated, tops flattened; 
esorediose; apothecia 10 mm. in diameter, exciple farinose-spotted; Ethiopia and 


68. U. serpentaria Motyka 

73. Medulla very thin, white, never rose; thallus fruticulose or, if over 20 cm. long, cortex 
reddish or reddish-maculate : SETULOSAE 

73. Medulla thicker, compact, rose or, if white, thallus over 25 cm. long, pendent; cortex 
not reddish nor reddish maculate........ 89 
74. Thallus gray-green, usually densely ramulose, 3-20 cm. tall, fruticose............... DE NSIROSTRES 
74. Thallus red or reddish-maculate, fruticose or pendent RUBIGINEAE 
75. Thallus saxicole, caespitose, 5 cm. tall, unbranched or branched only at the base...............-...-.+-- 16 
75. Thallus corticole, sparingly branched above the base. 78 

76. Sparingly ramulose, branches few, pale olive ashy green, rather thick-fusiform, sum- 
mits incurved; Uganda to South Africa. 69. U. capensis Motyka 


76. Sparingly ramulose; branches several times dichotomous at base, tips of ramuli black- 
ening; apothecia rare, 3} mm. in diameter, esorediose; Southwest Africa, Tangan- 
yika, Madagascar, and Mauritius (confused with U. transvaalensis). 

70. U. pulvinata Fries 
76. Eramulose; axis solid or slightly lacerate, surface longitudinally eroded and somewhat 
angular, composed of interwoven strands of thick-walled hyphae; soralia farinose, 

soredia dark fuscous. 

77. Medulla K— or slightly yellowing; thallus sparingly dichotomous, 4 cm. tall, 1 mm. in 


diameter; Southwest Africa U. hereroensis (Vainio) Darb. 

77. Medulla K red; thallus repeatedly dichotomous, 3 cm. tall, 0.5-0.7 mm. in diameter; 
78. Sterile and di 79 
7%. Apothecia p 80 


79. Thallus about 5 cm. tall, pale glaucous green, rigid, 1.5 mm. in diameter, closely sym- 
podially branched, ramuli dense, 1-2 (-—5) mm. long; soredia isidiose on large 
soralia in upper part of thallus from low tubercles; Ryne e Angola and S. 
Rhodesi 71. U. myrioclada (Mill. Arg.) Zahlbr. 
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79. Thallus about 8 cm. tall, pale stramineous, 1 mm. in diameter, divergently branched; 
ramuli dense but somewhat irregularly disposed; soredia isidiose in minute tuber- 
culiform soralia, then eroded and farinose; Madagascar U. ambigua Motyka 
79, Thallus 20 cm. long, pale ashy, 0.9 mm. in diameter below, with minute white tubercles; 
ramuli irregularly disposed, 10-30 mm. long; Togo, Fernando Po, and St. Helena. 
72. U. Lyngei Motyka 
80. Soredia isidiose, covering tubercles, appearing spinulose when tubercles are crowded 
and farinose after the isidia are shed; thallus 5-6 cm. tall, between deep olive buff 
and tea green, 1.5 mm. in diameter; ramuli 2-3 (—5) mm. long, irregularly dense; 
apothecia 3 mm. in diameter (perhaps still immature); Angola...73. U. Gossweileri Dodge 
80. Soredia absent 81 
81. Thallus 8-10 cm. tall, 2 mm. in diameter; ramuli not abundant; papillae verruciform; 
apothecia up to 20 mm. in diameter; Kenya to Cape of Good Hope. 
75. U. picta (Steiner) Motyka 
81. Thallus up to 7 cm. tall, 1 (—1.8) mm. in diameter; ramuli dense but fragile, breaking off 
about 0.2 mm. from the branch and thus appearing very coarsely papillate; 
apothecia 5 mm. in diameter; Kenya 76. U. isabellina Dodge 
81. Thallus 5 cm. tall, 1 mm. in diameter, densely covered with spinules 0.5-2 mm. long, 
easily breaking off and the thallus appearing papillate; apothecia to 3 mm. in 
diameter; Congo, Angola, Kenya and Nyasaland 74. U. torrida Motyka 
$2. Thallus pendent, 20-30 cm. long, flaccid, subarticulate 83 
$2. Thallus erect, 4-12 cm. tall, rigid 85 
83. Thallus densely ramulose, soredia in tubercles on upper portions, isidiose, olive green, in- 
distinctly red-variegated, 2 mm. in diameter; Kenya, S. Africa and Réunion. 
77. U. horridula (Mill. Arg.) Motyka 
83. Thallus closely ramulose, isidiose soredia in tubercles on the lower portion of ramuli; 
thallus deep olive-buff, pink-maculate, 1 mm. in diameter, acutely few-angled 
from rows of concrescent papilliform tubercles; Kenya 78. U. Dalei Dodge 
83. Thallus nude or with rare ramuli 84 
84. Thallus 25 cm. long, 1 mm. in diameter; soredia isidiose; thallus reddish stramineous, 
red-spotted; Cape uf Good Hope U. spilota Stirton 
84. Thallus about 20 cm. long, 2 mm. in diameter, reddish fuscidulous, articulate, thicker 
joints foveolate and rugose; soredia and apothecia unknown; Kenya, Uganda, 
Tanganyika ...79. U. erubescens (Stein) Motyka 
85. Thallus esorediose, reddish fuscous spotted with greenish fuscidulous, 4-5 cm. tall, 
branches about 1.5 mm. in diameter; apothecia small, exciple tuberculate, rugulose, 
olive fuscous; Kenya, Tanganyika, Comoro Islands and Madagascar. 
80. U. subflorida (Zahlbr.) Motyka 
86 


85. Thallus sorediose, sterile 
86. Thallus 10-12 cm. tall 87 
86. Thallus only 4-6 cm. tall 88 

87. Thallus 12 cm. tall, olive ashy green, deep red-spotted, 2 mm. in diameter; ‘soredia in 

broad farinose soralia in the upper ih of the thallus; medula K—; Congo, 
Cameroons and Kenya $1 U. bicolorete Motyka 
87. Thallus 10 cm. tall, russet below shading to edhaunnaduaiin above, up to 0.9 mm. in 
diameter; soralia small with one to a few isidia, sometimes confluent and appearing 
farinose after the soredia are shed; Kenya 82. U. spilotoides Dodge 
88. Thallus 6 cm. tall, red or orange latericious, 1.5 mm. in diameter; soredia in pale rose 
or white tubercles on the more slender ramuli; medulla K red; St. Helena and S. 
Africa U. rubescens v. rubrotincta (Stirton) ae" 
88. Thallus 4-7 cm. tall, indistinctly red-spotted; soralia minute; medulla K 
89, Thallus greenish stramineous, 2.5 mm. in diameter, tips blackened; saxicole; Cameroons, 
Kenya, Tanganyika 83. U. Meyeri (Stein) Motyka 
89, Thallus ashy fuscidulous, 1.6 mm. in diameter, tips sorediose, not blackened; both saxicole 
and corticole; Sudan to S. Africa and Madagascar 84. U. maculata Stirton 
90. Thallus more or less deformed, not angular nor exactly terete, more than 1 mm. in 
diameter, frequently branched, pale green (coppery fuscous in U. umbrata). 
CERATINAE 91 
90. Thallus angular in cross-section, at least strongly longitudinally rugose, more than 
1.2 mm. in diameter, unfrequently branched; green, rarely subfuscous 
90. Thallus terete or only very slightly longitudinally rugose, rarely branched, grayish 
green, often partly decorticate. +m 
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91. Medulla rose; thallus 5-8 cm. tall 92 
91. Medulla white; thallus 25 cm. or more long, pendent, sparsely and irregularly papillate or 
tuberculate. 93 
92. Axis with a narrow cavity; thallus 1 mm. in diameter; ramuli dense, 2 mm. long; 
apothecia 7 mm. in diameter, exciple rugose; Kenya to Bechuanaland. 
85. U. acanthera Vainio 
92. Axis solid; thallus 1.2-1.3 mm. in diameter; ramuli rather close, 5-10 (—15) mm. 
long; sterile; isidia abundant, often single or in small groups on verrucae, mostly 
on the ramuli and small branches; Morocco and Sierra Leone.......86 U. marocana Motyka 
93. Thallus 25 cm. long, becoming coppery fuscous, 1 (—1.5) mm. in diameter; ramuli rare, 
short, thick, rigid; St. Helena U. umbrata Motyka 
93. Thallus 60 cm. or more long 94 
94. Fertile; apothecia 10-30 mm. in diameter, exciple smooth to subfoveolate, subglaucous; 
thallus 2.5 mm. in diameter; ramuli dense, the larger branched; tubercles large; 
medulla K—; Cap Vert, Kenya, Angola, Tanganyika, and S. Africa. 
87. U. amplissima Stirton 
94. Sterile; medulla K, at least slowly reddening or fuscescent 95 
95. Thallus 1.5 mm. in diameter, certex areolate, uneven, tuberculate, appearing subscrobicu- 
late; soredia on tubercles, isidiose, finally farinose; medulla K red; Congo to Cape 
of Good Hope and Mauritius 88. U. distensa Stirton 
95. Thallus 1 mm. in diameter, tubercles often subseriate; soredia isidivse, usually single on 
verrucae, white; medulla K, slightly reddening; Congo and Kenya to Cape of Good 
Hope, Madagascar and Mauritius. 89. U. Promontorii Motyka 
96. Thallus triangular in transverse section, about 30 cm. long, ashy green drying deep 
olive buff, 1.2 mm. in diameter, flattened at the axils and there up to 2 mm. 
wide; ramuli about 5 mm. long, from backs of ridges, up to 10 mm. long near the 
summits; apothecia up to 15 mm. in diameter, exciple rugose-reticulate and sub- 
lacunose; Tanganyika to Cape of Good Hope and Madagascar. 


90. U. goniodes Stirton 
96. Thallus with more angles, more than 50 cm. long 
97. Ridges high and more or less alate. 
97. Ridges low and obtuse. 
98. Thallus 50 cm. long, 1.2 mm. in diameter, pale olivaceous green, closely transversely 
fractured; almost eramulose; Kenya, Uganda, Lourengo Marques, and Madagascar. 
91. U. chloreoides (Vainio) Motyka 
98. Thallus up to 100 cm. long, 1-3 mm. in diameter, yellowish green ridges sorediate, 
sulcate between with minute white tubercles and papillae; ramuli 5-15 mm. long, 
dense, more or less branched, white tuberculate and spinulose; Congo. 
goniodes v. reagens DeSmet & Lambion 
99. Fertile; ramuli up to 40 mm. long; Bas Congo. 100 
99. Sterile; ramuli 5-10 (-20) mm. long; axis 1-2 mm. in diameter. 101 
100. Thallus 200 cm. long, 5 mm. in diameter, dirty ashy green, with tubercles and large 
papillae; ramuli 20-40 mm. long, slender, very fragile; apothecia 10 mm. in 
diameter, exciple uneven; Congo. U. gigas Motyka 
100. Thallus 70 cm. or more long, 1-2 mm. in diameter, grayish green; ridges corticate or 
with a few isidiose tubercles, plane between the ridges with isidiose tubercles; lateral 
branches 10-20 (-—40) mm. long, 0.4—-0.6 mm. in diameter, more or less isidiose- 
tuberculate; true ramuli slenderer, 0.2-0.3 mm. in diameter, annularly cracked; 
apothecia up to 15 mm. in diameter; exciple smooth; marginal cilia few or none; 
disc chalky white-pruinose; Congo 92. U. Fernandiae Duvign. 
101. Thallus 100-110 cm. long, 1.6 mm. in diameter, dark olive buff; ramuli 4-10 (-20) 
mm. long; soredia isidiose on tubercles; Nigeria, French Guinea, Congo, Uganda, 
Tanganyika, Transvaal.... 93. U. africana Motyka 
101. Thallus 70 cm. or more long 1-2 ram. in diameter, grayish green, summits attenuate; 
transversely cracked with isidiose tubercles along the cracks; ramuli 5-10 mm. 
long, isidiose-tuberculate; Congo.... 94. U. bakongensis Duviga. 
102. Cortex well developed, on primary branches, continuous or areolate, seldom scaling 
off 


103 

102. Cortex soon scaling off on the primary branches 108 
103. Main axes flattened in places, indistinctly longitudinally rugose; fertile. 104 
103. Main axes nearly terete, at least not flattened except in the axils 105 
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104. Thallus 100 cm. long, 0.8 mm. in diameter, flattened in places to 2 mm. wide, dark 
olive buff; medulla faintly rose, K reddening; ramuli irregularly disposed, flattened 
at the base, tips often blackened; apothecia 3-4 mm. in diameter, plane; exciple 
slightly impressed; marginal cilia about 12, variable in length; disc carneous, 
densely white-pruinose; Sierra Leone to Cameroons 95. U. livida Motyka 
104. Thallus 80 cm. or more long, 1-2 mm. in diameter, slightly flattened in places, 
irregularly and inconspicuously transversely cracked; medulla K intense yellow; 
ramuli close, 5-10 mm. long, the longer sparsely isidiose; apothecia 10 mm. in 
diameter, concave; exciple with cracked, areolate cortex; marginal cilia few and 
very short; disc chalky white; Congo. U. Alsteeniana Duvign. 
105. Thallus pale ashy, more than 20 cm. long, 0.9 mm. in diameter; ramuli sparse, irregu- 
larly disposed, 10-30 mm. long; white tubercles, each bearing a few isidia; medulla 
white, K intense citrine yellow; Togo, Fernando Po and St. Helena...72 U. Lynget Motyka 
105. Thallus stramineous green or yellowish, very indistinctly longitudinally rugose 
106. Thallus more than 60 cm. long, 1 mm. in diameter, terete, chamois to deep colonial 
buff; ramuli 10-20 mm. long; apothecia 3-5 mm. in diameter, exciple smooth; 
Tanganyika and Nyasaland 96. U. amaniensis Dodge 
106. Thallus more than 80 cm. long, 1.2-1.5 mm. in diameter, terete, yellow stramineous; 
ramuli 10 (-20) mm. long, curved; apothecia 2-4 mm. in diameter, exciple 
smooth, eciliate; Madagascar and Mauritius 97. U. eburnea Motyka 
106. Thallus gray green, 50 cm. or more long, 0.5 mm. in diameter; cortex areolate but 
not scaling off, sometimes appearing farinose from coalescent scars of fallen isidia; 
ramuli 3-5 mm. long, dense; short lateral branches tuberculate-isidiose; apothecia 
3-4 mm. in diameter, exciple nearly smooth to very slightly pitted; marginal cilia 
few; Congo 98. U. savanarum Duvign. 
106. Thallus only about 30 cm. long 107 
107. Thallus about 0.7 mm. in diameter, terete; ramuli mostly 4-10 mm. long, the longer 
branched, subpapillate, bearing minute propagula; axis with yellow hyphae; Mada- 
gascar and Nyasaland 99. U. indigena Motyka 
107. Thallus about 1 mm. in diameter, terete with oblique longitudinal low ridges (giving a 
contorted appearance); ramuli irregular, 10-20 mm. lcng, subhelically twisted, 
tuberculate; soredia not seen; axis with dark hyphae; Kenya to Cape of Good Hope, 
Madagascar, Mauritius, and Réunion 100. U. contorta Jatta 
108. Primary branches 0.5—1 mm. in diameter; ramuli 10-20 (-30) mm. long 
108. Primary branches 0.4-0.6 mm. in diameter; ramuli 3-10 (-15) mm. long 
109. Thatlus olive buff where corticate, branches 1 mm. in diameter; ramuli 10-20 (-30) mm. 
long, close; medulla K bright yellow; Congo, Sudan to S. Rhodesia. 
101. U. arguta Motyka 
109. Thallus grayish green or grayish yellow, branches 0.6—-1 mm. in diameter, surface rugose, 
mostly decorticate with spinules up to 3 mm. long; ramuli 10-20 mm. long, sub- 
distant, simple or forked, the longer sparsely spinulose; sterile; Congo. 
: U. barbelata Duvign. 
110. Thallus colonial buff, corticate; ramuli deep olive buff, branches wholly decorticate, 
0.4-0.6 mm. in diameter; ramuli 3-10 (-15) mm. long, close; apothecia 3-8 mm. 
in diameter, plane; exciple smooth to sublacunose, marginal cilia few, 10 mm. 
long; disc carneous, lightly pruinose; Sudan to S. Africa, Madagascar and Réunion. 
102. U. trichodeoides Vainio 
110. Thallus yellowish green; axils and base of ramuli somewhat flattened; main branches 
decorticate, tartareous; ramuli 3-10 mm. long, close, tips black; apothecia lateral, 
2-3 mm. in diameter, concave; exciple rugulose; marginal cilia abundant, up to 
10 mm. long; disc white; Congo... U. katangensis Duvign. 
110. Thallus gray green, 50 cm. or more long, 0.5 mm. in diameter; cortex areolate but 
not scaling above, sometimes farinose from coalescent scars of fallen isidia; ramuli 
3-5 mm. long, dense; short lateral branches tuberculate-isidiose; apothecia 3-4 
mm. in diameter, exciple nearly smooth to slightly pitted; marginal cilia few; disc 
white; Congo. 98. U. savanarum Duvign. 
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1. UsNnea cervicornis Dodge, sp. nov. 


Type: Southern Rhodesia, Makoni Inyanga District, summit of Forest-Hil] 
Kop, 1700 m., on shaded rock face, Frederick Eyles 827, at Kew. 

Thallus erectus, ad 8 cm. altitudine, 2 mm. diametro, teres, ad axillas com- 
planatus, olivaceo-alutaceus; cortex areolatus, subfoveolatus, minute et irregulariter 
papillatus, papillis apicibus nigratis; eramulosus. Apothecia lateralia, 8 mm. di- 
ametro, margine crenato, eciliato aut cum 1-2 ciliis ad 8 mm. longitudine, ca. 0,5 
mm. diametro, subinflatis, apicibus obtusis; discus brunneo-alutaceus, epruinosus, 


4. Usnea nutans Dodge, sp. nov. 


Type: Kenya, Northern Frontier Province, Mt. Kulal, 1935 m., on exposed 
rock, P. R. O. Bally 5686, at Kew. 

Thallus erectus vel decumbens, rigidus, ca. 8 cm. altitudine, cinnamomeo- 
alutaceus ad obscure olivaceo-alutaceus in ramis ultimis; hapteron 5 mm. diametro, 
cum decem vel pluribus ramis perpendiculariter dichotomis, curvatis, apicibus re- 
curvis nutantibusque, teretibus, laevibus; cortex inferne annulatus subareolatusve, 
superne minute verrucosus; isidia singula; eramulosus, rami ultimi nutantes, laeves, 
apicibus nigris. Apothecia non visae. 


5. Usnea Dodomae Dodge, sp. nov. 


Type: Tanganyika, Dodoma Prov., Mt. Mpwapwa, 1610-1935 m., saxicole, 
P. J. Greenway 2432, in East African Herb. 

Thallus erectus vel decumbens, 10 cm. altitudine, rigidus in virgultis densis ex 
gompho communi flavo, brunneo-olivaceus, Isabellinusve ad melleus in ramis ulti- 
mis; rami 1.5 mm. diametro ad basim nigricantem ad 2 mm. diametro sub di- 
chotomo primo, rami ultimi ad 7 cm. longitudine, flexuosi, eramulosi; cortex 
inferne fractus et subareolatus, superne laevis; isidia spinulosa fere totam plantam 
tegentia. Apothecia non visa. 


6. Usnea pulvinulata Dodge, sp. nov. 


Type: Uganda, Kigezi, Kasatoro forest, 1935-2560 m., on trees, I. R. Dale L39, 
at Kew. 

Thallus fruticosus, erectus, ad 5 cm. altitudine, ramis 1 mm. diametro, obscure 
olivaceo-alutaceus, dichotome vel sympodialiter ramosus, internodiis brevibus, pul- 
vinulum hemisphericum formans; cortex inferne nigricans, annulatim fractus sub- 
areolatusve, superne laevis; densissime ramulosus, ramuli acuminati, 0.5-3 mm. 
longitudine, recti; medulla inferne rubra. 

Apothecia subterminalia, ad 15 mm. diametro, primum cupulata dein subplana; 
excipulum tenuiter scrobiculatum, rugis ramulosis; cilia marginalia caespitosa, ca. 
2 mm. longitudine, apicibus acuminatis; discus laevis, juventute dense albo- 
pruinosus dein rufus vel subaurantiacus. 
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g. Usnea subcristata Dodge, sp. nov. 


Type: Tanganyika, Kondoa District, Swaga-swaga Hill, summit, 1775 m., on 
shrubs, chiefly T richalisia cacondensis, B. D. Burtt 891. 

Thallus rigidus, fruticosus, erectus, 7-8 cm. altitudine, inferne pallide brunneo- 
olivaceus, superne Isabellinus vel melleus; rami basi 2 mm. diametro ad 3 mm. 
expansi dein ad 1 mm. sub apotheciis, tenuescentes, angulati, papillati; cortex sub- 
areolatus; rami secundarii 1-1.5 mm. diametro, axi principali similes; ramuli 1-15 
mm. longitudine, minores sublaeves, majores foveolati, apicibus rotundatis. 

Apothecia terminalia, plana, ad 20 mm. diametro, excipulo laevi vel papillato 
radialibus cum rugis; cilia marginalia subdistantia in duobus ordinibus disposita, 
extera crassa, dichotoma, intera 1-2 mm. longitudine, apicibus acutis; discus 
vinaceo-alutaceus, pruinosus. 


10. Usnga nana Dodge, sp. nov. 


Type: Uganda, Kigezi, Kasatoro, Kabale River, 2256 m., corticole, I. R. Dale 
L43 p. p. min. 

Thallus fruticosus, erectus, ad 4 cm. altitudine, olivaceus, dichotome ramosus, 
teres, ad 1 mm. diametro superne tenuescens, dense ramulosus; ramuli 1-2 (—4) 
mm. longitudine, curvati, apicibus obtusis, raro dichotomi. 

Apothecia sessilia in ramis tenuibus secundariis, cupulata, 1 (-2) mm. diametro, 
excipulo laevi; cilia marginalia caespitose radiantia, 1 mm. longitudine; discus 
concavus, carneus, albo-pruinosus. 


12. Usnea medio-africana Dodge, sp. nov. 


Type: Uganda, Kigezi, Mafuga, 2400 m., on trees, I. R. Dale L4z, at Kew. 

Thallus erectus, subrigidus, circa 5 cm. altitudine, 1.5 mm. diametro, super 
basim semel aut bis dichotome.ramosus, obscure brunneus, ramulis olivaceo- 
alutaceis; teres vel subrugosus vel subfoveolatus; ramuli densi, 5-7 mm. longi- 
tudine, fragillimi, laeves, apicibus acutis nigricantibus. 

Apothecia subterminalia, ad 20 mm. diametro, plana; excipulum foveatum, 
minute verrucosum, radiantibus cum rugis ex ramulis concrescentibus formatis; 
cilia marginalia longitudine variabili, ad 8 mm. longitudine; discus cinnamomeus, 
leviter albo-pruinosus. 


13. Usnea brunnescens Dodge, sp. nov. 


Type: Uganda, Kigezi, Mafuga, 2400 m., on trees, I. R. Dale L4r, at Kew. 

Thallus erectus, fruticosus, rigidus, ad 10 cm. altitudine, fusco-brunneus, 
ramulis cinnamomeo-alutaceis; basi bis vel ter dichotomus, ca. 2 mm. diametro, ad 
0.3 mm. tenuescens in apicibus obtusis; cortex inferne impressus subareolatusque, 
sublaevis, superne dense verrucoso-papillatus; ramuli 1-3 mm. longitudine, in 
ordinibus verticalibus, majores sparse verrucosi, singulis cum isidiis. 
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24. USsNEA ARTICULATA (L.) Hoffm. subsp. aethiopica Dodge, subsp. nov. 


Type: Ethiopia, below Debra Erki, on fir, Schimper 18, 21 Oct. 1850. det U, 
articulata v. intestiniformis Ach. by Miller Argau at Kew. 

Thallus pendens, flaccidus, plus quam 25 cm. longitudine, brunneus; basis | 
mm. diametro, 8 mm. longitudine, annulatus, non nigricans; dichotome ramosus, 
ramis articulatis, articulis irregularibus, curvatis, cucumiforibus, 4-5 mm. dj- 
ametro, 25-30 mm. longitudine, foveatis vel scrobiculatis, pseudocyphellatis, vel 
subrectis, 1-1.4 mm. diametro, 5-10 mm. longitudine minutis cum pseudocyphellis; 
rami terminales, tenues, fere non articulati, dense ramulosi, ramulis 5 mm. longi- 
tudine isidio-sorediosis. 


34. UsNEA cameroonensis Dodge, sp. nov. 


Type: Cameroons, Miss Cheeseman L3, at Kew. 

Thallus pendens, flaccidus, plus quam 55 cm. longitudine, axes principales brun- 
nei vel cinnamomei, ramulis olivaceo-alutaceis; articulati, dichotome ramosi; axillis 
complanatis, articulis ca. 10 mm. longitudine, 1 (-1.5) mm. diametro, non 
conspicue inflatis, longitudinaliter rugosis, rugis tenuibus acutis, dorsis fractis 
farinosisque; ramuli irregulariter dispositi, ad 30 mm. longitudine, basi subarticu- 
lati inflatique, ad apicem acutum tenuescentes, tuberculati deformatique; soredia 
isidiosa. Apothecia non visa. 


36a. UsNEA DECIPIENS Motyka var. Rhodesiana Dodge, var. nov. 


Type: Southern Rhodesia, Matopos District, top of high granite hill, 1610 m, 
on tree, Frederick Eyles 1023, at Kew. 

Thallus pendens, subflaccidus, plus quam 30 cm. longitudine, Isabellinus, in- 
frequenter dichotome ramosus, nec articulatus nec annulatus, longitudinaliter et 
subreticulate rugosus, rugis subacutis, dorso fracto, inter rugas sulcatus, 1 mm. 
diametro, superne tenuescens sed sine summitatibus capillaceis; ramuli caespitosi, 
3-15 mm. longitudine; tubercula farinosa sorediosa. 


39. Usnea terricola Dodge, sp. nov. 


Type: Cameroons, Mamoquilles, 2450 m., terricole among mosses and Sfereo- 
caulon sp., Miss Cheeseman 25, at Kew. 

Thallus fruticosus, subrigidus, 8-10 cm. altitudine, cinnamomeo-alutaceus, 
axibus principalibus irregulariter nigro-maculatis, summitatibus obscure olivaceo- 
alutaceis; basis nigra, dense dichotoma, ramis inferne 1 mm. diametro in medio ad 
2-3 mm. dilatatis, dein superne ad 0.5 mm. tenuescentibus; articulatis, articulis 5- 
20 (—30) mm. longitudine, apicibus constrictis, basalibus sublaevibus, minutis cum 
pseudocyphellis; cortex fractus, rugis sulphureo-farinosis, isidiosis cum sorediis; 
superne articulis plus minusve minute verrucosis, rugis plus elevatis et subreticu- 
latis, soraliis majoribus elevatis, sorediis isidiosis. Apothecia non visa. 
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49. Usnea blepharoides Dodge, sp. nov. 


Type: Tanganyika, Kilimanjaro, at upper limit of forest, 3000 m., G. Geilinger 
4417, at Kew. 

Thallus fruticosus, pauci-ramosus, prostratus vel suberectus, ca. 9 cm. longi- 
tudine, subarticulatus, inferne 2 mm. diametro, ad 1 mm. diametro sub apotheciis 
tenuescens, subverrucosus, axibus fulvo-olivaceis, ramulis ciliisque cinnamomeo- 
alutaceis; ramuli subdistantes, 4-5 (-10) mm. longitudine, curvati, basi subarticu- 
lati inflatique, sparse papillati, apicibus acuminatis. Apothecia sessilia, geniculata, 
subplana; excipulum minute verrucosum; cilia marginalia distantia, ad 10 mm. 
longitudine, acuminata; discus planus, carneus, tenuiter albo-pruinosus. 


62. Usnea subfoveata Dodge, sp. nov. 


Type: Uganda, Bunyoro, Busingoro, on bark of Jacaranda, I. R. Dale L6o. 

Thallus fruticosus, erectus, rigidus, 5 cm. altitudine, flavo-ochraceus, dense di- 
chotomus, articulatus, articulis 1-1.5 mm. diametro, 10 mm. longitudine, apicibus 
constrictis; rami secundarii teretes, subfoveati, papillati in rugis; isidia singula vel 
bina in apicibus papillarum; eramulosus. Apothecia subterminalia, ad 9 mm. di- 
ametro, cupulata, dein plana; excipulum laeve vel verrucosum et subimpressurn; 
cilia marginalia distantia, ad 1.5 mm. longitudine, medio inflata, apicibus subacutis; 
discus concavus dein planus, ochraceo-alutaceus, tenuiter albo-pruinosus. 


73. Usnea Gossweileri Dodge, sp. nov. 


Type: Angola: Cuanza Sul, Amboim, Capir near the Carloaongo River, 1000 
m., on dead trees, J. Gossweiler 9991. 

Thallus erectus, fruticosus, 5-6 cm. altitudine, olivaceo-alutaceus, inferne sym- 
podialiter, superne dichotome ramosus; rami ca. 1 mm. diametro, annulati, dense 
verrucosi-tuberculati, teretes; soralia super tuberculos insidentia, isidiosis cum 
sorediis; ramuli 2-3 (-5) mm. longitudine, irregulariter dispositi, breviores laeves, 
longiores minute tuberculati. Apothecia rara, sessilia, 3 mm. diametro; excipulum 
laeve; cilia marginalia subdistantia, 1-2 mm. longitudine, conica; discus carneus 
albo-pruinosus. 


76. Usnea isabellina Dodge, sp. nov. 


Type: Kenya, Northern Frontier Province, near Buna, summit of Ajao hill, 
1030 m., on bushes, I. R. Dale L717. 

Thallus erectus, rigidus, 7 cm. altitudine, isabellinus; rami 1-1.8 mm. diametro, 
dichotome ramosi, teretes; cortex laevis, annulatim fractus subareolatusque; ramuli 
densi fragiles, 2~4 mm. longitudine, crassi, subverrucosi sed non sorediosi; apicibus 
subnigricantibus; summitates ad 4 cm. longitudine, tenues. Apothecia rara, ca. 
5 mm. diametro, lateraliter sessilia, plana vel subconvexa; excipulum laeve, sub- 
rugosumve; cilia marginalia distantia, fragilia, longitudine variabilia, plus quam 
3 mm. longitudine, ramulis-similia; discus avellaneus, tenuiter albo-pruinosus. 
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78. Usnea Dalei Dodge, sp. nov. 


Type: Kenya, Northern Frontier Province, near Buna, summit of Ajao hill, 
1030 m., on bushes, I. R. Dale L70, at Kew. 

Thallus pendens, subrigidus, plus quam 16 cm. longitudine, inferne aurantiaco- 
cinnamomeus, superne obscure olivaceo-alutaceus, roseo-maculatus; basi subnigri- 
cans annulatusque; dichotome ramosus, axibus principalibus ca. 1 mm. diametro 
ad apicibus tenuescentibus, acute angulatus ex tuberculis papilliformibus concres- 
centibus, inter rugis sulcatis, dense ramulosus in rugis corticatis; ramuli 4 (-15) 
mm. longitudine, curvati flexuosive, tuberculati, cum spinulis paucis; summitates 
tenues, non ramosae nec capillaceae. 


82. Usnea spilotoides Dodge, sp. nov. 


Type: Kenya, Chyulu hills, H. D. van Someren, in E. African Herb. 

Thallus procumbens aut pendens, subrigidus, ca. 10 cm. longitudine, fulvus, 
ramulis pallide olivaceo-alutaceis; sympodialiter ramosus, ad 0.9 mm. diametro, ad 
summitates subcapillaceas tenuescens; inferne articulatus, articulis subinflatis, 
apicibus constrictis, longitudine variabili, minute albo-verrucosus, sorediis isidiosis; 
ramuli subdistantes, ca. 1 mm. longitudine, laeves, apicibus acutis; summitates 
fragiles, ad 20 mm. longitudine, apicibus acuminatis. Apothecia non visa. 


83a. Usnea Meyeri var. chondroclada (Steiner) Dodge, comb. nov. 
Usnea chondroclada Steiner, Verhandl. Zool. Bot. Ges. 53:228. 1903. 


96. Usnea amaniensis Dodge, sp. nov. 


Type: Tanganyika, East Usambara, Amani-Maramba, 1030 m., growing in 
festoons on the topmost branches of tall evergreen rain-forest trees, P. J. Greenway 
4151, ex Herb. E. African Agr. Res. Sta., Amani. 

Thallus prostratus, ramis tenuioribus pendentibus, rigidus, plus quam 60 cm. 
longitudine, flavo-alutaceus, basi nigrescens, dichotome ramosus, 1 mm. diametro, 
superne ad summitates capillaceas tenuescens, teres, laevis; cortex annulatim fractus; 
ramuli 10-20 mm. longitudine, tenuissimi, recti vel curvati, fragiles, apicibus 
acuminati, minute tuberculati. Apothecia in ramulis sessilia, cupulata dein fere 
plana, eciliata; excipulum laeve; discus fuscus, albopruinosus. 


(To be continued) 
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GENERAL INDEX TO VOLUME XLIII 


New scientific names of plants and the final members of new combinations are printed 
in bold face type; synonyms and page numbers having reference to figures and plates, in 


italics; and all other matter in ordinary type. 


A 


Africa, Tropical, Some lichens of, II, Usnea, 
381 

Aldanophyton antiquissimum, 365 

Algae, evolution of vascular plants from, 
362, 364 

Alt, Karen S., Henry N. Andrews and: A 
new fossil plant from the New Albany 
shale, with some comments on the origin 
of land vascular plants. Part 1. Crocalo- 
phyton, a new transitional sea-land plant, 
355 

Anatomy, nodal, of Ankyropteris glabra 
Baxter, A note on the, 379 

Anasazi sites, 194; beans found in, 220 

Andrews, Henry N.: A new fossil plant 
from the New Albany shale, with some 
comments on the origin of land vascular 
plants. Part 1. Crocalophyton, a new 
transitional sea-land plant, 355; Part 2. 
Some comments on the origin of land 
vascular plants and the taxonomic posi- 
tion of Crocalophyton, 363; A note on 
the nodal anatomy of Ankyropteris glabra 
Baxter, 379 

Angiosperms, early record of, 366 

Ankyropteris, 379; corrugata, 379; glabra, 
379, 380; grayi, 379 

Anonyme, 13 

Archaeological sites: beans found in, 194, 
198, 199 

Archaeopteris latifolia, 366 

Arrhenechthites, 74; dolicocephala, 79; 
haplogyna, 77; mastigothrix, 78; mixta, 
75; novoguineensis, 78; tomentella, 74, 75 

Aspidosperma quadriovulatum, 304 

Australasia, Erichthitoid species of Senecio 
in, 57 

Australia: climatic regions of, 112; geo- 
logic history of, 115 

Australian and New Zealand species of 
Pittosporum, 87 


Baragwanathia, 365 
Basketmakers, agriculture of the, 194 


Bean types: black-eyed, 190; common, 191, 
248; cowpea, 190; kidney, 191; lima, 
192, 222, 251; navy, 191; runner, 192, 
210; snap, 190; tepary, 192, 214, 251. 

Beans, The cultivated, of the prehistoric 
Southwest, 189 

Beans: archaeological materials of, 199; 
contemporary, 222; distribution of, 189, 
214; morphology of, 208; Old and New 
World compared, 190; seeds, 201, 213, 
248, 251; taxonomy of, 189; use and 
preparation of, 195; charts showing vari- 
ation in, 229-239 

Belcher, Robert O.: A revision of the genus 
Erechtites (Compositae), with inquiries 
into Senecio and Arrhenechthites, 1 

Blumea tenera, 79 

Bryophytes, fossil, 365 


Cc 


Cacalia prenanthoides, 30 

Callixylon, 366 

Cambrian plants, 365 

Citharexylum dentatum, 347; flexuosum, 
347; molle, 347; retusum, 347 

Compositae, Erechtites, Senecio and Ar- 
rhenechthites, of the 1 

Coniferophytes, evolution of the, 366 

Cooper, Robert C.: The Australian and 
New Zealand species of Pittosporum, 87 

Cordaite-conifer line, evolution of the, 366 

Couma pentapbylla, 314 

Crassocephalum valerianaefolium, 26 

Crocalophyton, A new transitional sea-land 
plant from the New Zealand shale, 355; 
taxonomic position of, 363 

Crocalophyton readii, 362, 372-378 

Cyrtosipbonia, 279 


D 


Daylength, effect of, on habit of beans, 197 

Devonian-Mississippian shales, fossil flora of, 
355 

Dissolaena, 279 

Dodge, Carroll William: Some lichens of 
tropical Africa. II, Usnea, 381 
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Economic uses: of species of Pittosporum, 
90; of species of Rauvolfia, 267 

Ejote, 195 

Equisetalean plants, 365 

Erechthites, 10 

Erechtites (Compositae), A revision of the 
genus, with inquiries into Senecio and 
Arrhenechthites, 1; index to species of, 
84 

Erechthitoid species of Senecio in Austral- 
asia, 37; key to, 39 

Evolution of land vascular plants, 363 


F 


Ferns, heterosporous, early occurrence of, 
366 

Fossil plant, a new, from the New Albany 
shale, 355 


G 


Gynura aspera, 20; malasica, 20; papuana, 
53; rosea, 26; zeylanica var. malasica, 20 


H 


Hohokam culture in the Southwest, 194; 
beans of the, 219 

Hopi beans, 222, 237 

Huerckia, 279 

Hybridization in Rauvolfia, 264 


K 


Kaplan, Lawrence: The cultivated beans of 
the prehistoric Southwest, 189 
Kentucky, a new fossil plant from, 355 


L 


Land vascular plants, origin of, 355, 363 

Lichens of tropical Africa. II. Usnea, 381 

Life forms of Australian and New Zealand 
species of Pittosporum, 95 

Lycopodiaceous plants, early, 365 


M 


Malouetia jasminoides, 347 

Marianthus procumbens, 182 

Mesa Verde beans, 251 

Mogollon culture in the Southwest, 194; 
beans of the, 207, 218, 229 


N 
Navajo beans, 223, 233, 236 
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Neoceis, 10; carduifolia, 19; bieracifolia, 
14; microcephala, 61; rigidula, 14; to. 
mentosa, 57 

New Albany shale, a new fossil plant from, 
355 

New Zealand and Australian species of Pit- 
tosporum, 87 

Nodal anatomy of Ankyropteris glabra 
Baxter, 379 


Ophioxylon, 279 
P 


Paleobotany: A new fossil plant from the 
New Albany shale, with some comments 
on the origin of land vascular plants, 355; 
A note on the nodal anatomy of Anky- 
ropteris glabra Baxter, 379 

Phaseolus, 189; acutifolius, 192, var. lati- 
folius, 192, 206, 207; coccineus, 192, 206 
207; lunatus, 192, 207; vulgaris, 191, 
206, 207, subsp. aborigineus, 191, subsp, 
cultigenus, 191 

Phylogeny of Pittosporum, 98 

Piman beans, 223 

Pittosporaceae, distribution of, 108, 109 

Pittosporoides, 121; umbellata, 147 

Pittosporum: Australian and New Zealand 
species of, 87; interrelations of species of, 
117; index of species, 187; index of ver- 
nacular names, 187; taxonomy of, 121 

Pomaderris microcarpa, 181 

Prehistoric Southwest, Cultivated beans of 
the, 189 

Protein, beans as a source of, 196 

Prototaxites, 368 

Pteridophytes, evolution of, 363 

Pteridospermae in Cambrian time, 365 

Ptileris bieracifolia, 14 


R 


Rao, Aragula Sathyanarayana: A revision of 
Rauvolfia, with particular reference to 
the American species, 253 

Rauvolfia: economic uses of, 267; geogra- 
phy, 268; index to species, 353; relation- 
ships, 273; variation and hybridization, 
264, 266 

Rauvolfia serpentina, medicinal use of, 267 

Rauwolfia, 279 

Rhynia, 363 

Rio Grande Pueblo beans, 223, 233 
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Sanmiguelia lewisii, 366 

Schizopodium davidi, 362 

Sea-land plant, a new transitional, 355 

Senecio and Arrhenechthites, Inquiries 
into, 1 

Senecio, Erechthitoid species of, in Austra- 
lia, 38; index to species, 85 

Senecio, 10 

Senecioninae, key to the, 8 

Serpentine, 267 

Sonchus agrestis, 19; brasiliensis, 19; eryth- 
ropappus, 26; laevis, 13; occidentalis, 19 

Southwest, The, 193; culture history of, 
194; prehistoric, Cultivated beans of the, 
189 

Stauropteris burntislandica, 366 

Strempeliopsis strempelioides, 347 


T 


Tabernaemontana oppositifolia, 347 
Tonduzia longifolia, 347 
Trichilia monophylla, 134 


U 


Usnea in Africa south of 15° N., 381; key 
to, 382; new taxa, 392 


Usnea, 381; amaniensis, 396; articulata 
subsp. aethiopica, 394; blepharoides, 395; 
brunnescens, 393; cameroonensis, 394; 
cervicornis, 392; Dalei, 396; decipiens 
var. Rhodesiana, 394; Dodomae, 392; 
Gossweileri, 395; isabellina, 395; medio- 
africana, 393; Meyeri var. chondroclada, 
396; nana, 393; nutans, 395; pulvinulata, 
392; spilotoides, 396; subcristata, 393; 
subfoveata, 395; terricola, 394 


Vallesia dichotoma, 347 

Variation: in cultivated beans, 229-239; in 
Rauvolfia, 264 

Vascular plants, land, origin of, 363 

Verde Valley beans, 229 

Vernacular names of species of Pittosporum, 
187 


x 
Xenocladia, 368 


Yuman beans, 223 


z= 
Zuni beans, 222, 236, 238 
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